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WILLIAM  HUNTER,  M.  D. 

Anatomical  Professor  in  London,  F.  R.  S. 
And  Physician  Extraordinary  to  the  Qu  E E N. 


nr  O you,  Sir,  this  firft  chapter  of  my  Inquiries  is  moft 
gratefully  infcribed,  becaufe  from  you  I received 
thofe  Rudiments  of  Science,  which  enabled  me,  among  my 
other  philofophical  attempts,  to  purfue  the  ftucly  of  Human 

Nature. 


Permit  me,  Sir,  to  congratulate  you  that  London  is  now 
become  the  great  School  of  Phyfic  : your  unremitting  labours 
in  this  Metropolis,  towards  the  improvement  of  medical 
knowledge,  are  fo  univerfally  known,  that  the  world  need 
not  be  told,  by  me,  of  your  fuperior  merit ; a confide- 
ration  which  renders  it  no  eafy  talk  to  find  words  that  may 
not  offend,  even  in  paying  this  humble  tribute  of  gratitude. 

All,  therefore,  I have  to  hope  for,  is,  that  you  will 
condefcend  to  regard  my  bold  attempt  with  your  ufual  good- 
nefs  ; and,  that  you  will  be  pleafed  to  pardon  my  errors  : 
from  youj  Sir,  I am  encouraged  to ' look  for  thefe  indul- 
gencies,  for  I know  that  you  pofiefs  a mind  as  liberal  by 
Nature,  as  it  is  enlarged  by  Science. 

May  you  long  continue  to  enjoy  your  public  honours,  as 
well  as  thofe  private  rewards  which  ever  accompany  virtue  ! 


I am,  Sir,  with  refpedt  and  efleem, 


Your  moft  obedient,  and  moft  humble  Servant, 


Hatton-Street,  London, 
F>b.  25,  1780. 


HUGH  SMITH. 


PREFACE. 

IN  the  courfe  of  Lectures  delivered  the  beginning  of  the 
year  1778,  on  the  Philofophy  of  Phyfic,  which  may 
juftly  be  called  the  ftudy  of  Nature,  this  was  laid  down 
as  the  leading  aphorifm  : In  all  living  animals , life , heaty 
and  motion , are  infeparable.  To  prove  this  point,  I began 

I % 

with  confidering  Air  as  matter,  and  by  progreflive  fteps  ad- 
vanced to  the  34th  and  laffc  principle,  which  runs  thus — 
Vital  air,  heat  and  motion , appear  to  be  infeparable  in 
animal  life.  It  is  therefore  meant  to  be  infilled  on,  that  Air 
is  the  firft  material  caufe  of  every  motion  proper  to  life. 
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An  Operator  attended  every  night  to  .exhibit  the  experi- 
ments on  which  my  arguments  were  founded  ; and  the 
principles  have  now  been  fubmitted  to  the  Public  near  two 
years,  with  an  earned:  hope  on  my  own  part,  that  any  fal- 
lacies in  them  might  be  detected  : the  principles,  however, 

I 

at  prefent  remain  uncontroverted. 

It  was  thought  neceffary,  in  the  firft  inftance,  to  eftablilh 
the  proofs  by  experiments ; which  arc  for  the  mold  part  fa- 
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miliar,  and  none  of  them  repugnant  to  the  known  laws  of 
Pneumatics : learned  and  philofophic  mqr,  therefore,  may. 
receive  fufficient  information  from  my  Syllabus  alone  ; on 
which  account  it  appears  unneceifary  to  repeat  the  lediures, 
and  my  profeilional  engagements,  at  this  time,  would  render 
it  very  inconvenient  to  myfelf.  If  the  principles  be  ad- 
mitted, it  is  all  I afk  ; for  the  purpofe  of  the  Ledures  is 
thereby  fully  anfwered ; and  we  may,  with  propriety, 
purfue  the  following  inquiries — Should  the  prefent  attempt 
merit  approbation,  the  Ledures  themfelves  may,  perhaps, 
hereafter  be  found  an  ufeiul  introdudion  to  this  branch  of 
natural  philofophy  • in  that  cafe  they  will  be  at  the  feryice 
‘ * ' : ' w ^ - ’ - of 
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of  th?j  Public. — This,  I truft,  will  be  received  as  a general 
ana  fatisfa&ory  anfwer,  to  the  many  and  relpedtable  appli- 
cations made  to  me  to  deliver  another  courfe  of  lectures : 
be  hides,  the  fubjedt  is  too  important  to  be  haftily  purfued, 
and  it  is  my  lincere  delire,  that  the  prefent  thoughts  Ihould 
be  moil  ftridtly  examined  ; I hope,  therefore,  thefe  apo- 
logies will  be  received  with  candour. 

t «*v  <+ 

It  would  have  been  prefumption  in  me,  to  have  ftyled 
many  of  the  opinions  formerly  delivered,  more  than  con- 
je&ures : whether  or  not  any  of  them  deferve  an  higher 
name,  the  Public  will  determine  from  the  prefent  appli- 
cation of  them.  Some  profeffional  men  have  been  pleafed 
to  call  them  ingenious ; it  is  my  wifh  more  particularly  to- 
claim  their  attention  to  this  publication.  Thefe  opinions,, 
if  they  be,  as  I hope,  found  true,  mull  overturn  many/ 
doctrines  now  taught,  and  bid  fair  to  eftablifh  rational- 
theories,  founded  on  experimental  philofophy,  concerning 
forae  of  the  niofc  obffinate  difeafes. 


To 
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To  regulate  phyfiological  reafonings  throughout  the 
animal  ceconomy,  on  new  principles,  will  prove,  indeed, 
an  arduous  purfuit : if,  however,  what  is  here  laid  down 
fhouldbe  found  ufeful,  my  induftry  lhall  not  be  wanting  to 
chalk  out  fome  rude  outlines  of  their  extenfive  application, 
which  may,  at  a future  period,  be  more  completely  filled 
up  by  abler  men,  whereby  mankind  may  be  .eflentially 
benefited — which  is  the  ultimate  wilh  of  the  author. 
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CHAPTER  the  FIRST. 


CONTENTS. 

Vital  Air  the  fir  ft  material  caufie  oft  motion  in  Animal  Life  : 
Pulfiation  deficribed : Animal  blood  a mere  paffive  fluid — 
the  common  menftruum  of  Nutrition  only  : the  Harvey  an 
and  Boerhaavean  theories , concerning  the  circulation  of  the 
blood , fet  forth , with  the  author  s objeSlions. 

IN  the  courfe  of  our  lectures  vve  entered  pretty  fully  into 
the  fubjedt  of  animal  life ; but  as  the  ledtures  are  not 
publifhed  it  may  be  proper  to  fpeak  a little  to  this  point, 
before  we  conlider  that  mechanical  power  by  which  the 
blood  is  kept  in  perpetual  motion  through  the  animal 
ceconomy. 

C When 
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When  our  great  countryman  found  out,  and  demon- 
strated by  experiments,  the  circulation  of  the  blood,  for 
this  important  difcovery  he  was  Styled  the  immortal  Harvey 
and  Should  he  be  wrong  in  fome  of  the  caufes  affigned  for 
this  wonderful  effedl,  the  merit  of  the  difcovery  is  ftill  the 
fame,  as  he  thereby  paved  the  way  for  farther  inquiries  : 
let  us  then  pay  the  juft  tribute  of  praife  to  the  memory  of 
fo  illuftrious  a character,  and  modeftly  endeavour  to  trace 
out  the  points  wherein  he,  as  well  as  other  great  men  have 
been  miftaken.  It  is  proper  to  remark,  that  throughout  the 
whole  of  our  Inquiries  material  caufes  only  have  been  the 
objedls  of  purfuit ; and  that  all  our  reafonings  have  been 
Supported  by  experiments. 

When  it  pleafed  the  Almighty  to  put  matter  into  Motion, 
we  cannot  doubt  but  general  laws  were  ordained,  by  his 
moft  gracious  Providence,  to  Support  the  Works  of  his 
Creation  : Some  of  thofe  laws,  then,  re  Spelling  Animal 
Life,  we  are  at  this  time  attempting  to  difcover. 

The  proper  Standard  of  Vital  Air  having  been  fixed  by 
the  Author  of  Nature  when  he  firft  created  Man,  we  hope 
to  Shew  that  fiandard  is  regularly  and  uniformly  maintained 
by  means  of  the  atmofpheric  air ; and  that  the  continuation 
of  life  does  not  depend  on  any  myfterious,  or  unknown  prin- 
ciple exifling  in  the  brain,  in  the  nervous  fyftera,  or  in  the 
blood  only  ; but  on  the  conftant  admiffion  of  the  common 

air 
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air  of  the  atmofphere  into  the  animal  (economy,  which 
keeps  the  blood,  and  all  the  other  humours  of  an  animal 
body,  in  perpetual  motion  : for  under  the  fame  circum- 
ftances  of  heat,  and  clofe  confinement  in  tubes,  we  have 
fhewn  by  experiments,  a fimilar  effedt  may  be  produced  by 
air  on  other  fluids,  caufing  them  to  circulate  in  like  manner 
as  the  blood  itfelf. 

We  regard  Air,  rarified  by  heat,  as  the  firft  material 
caufe  of  motion  in  Animal  Life ; and  the  re-adiion  of  the 
vafcular  fyftem  as  the  fecondary  caufe.  Thefe  two  caufes, 
taken  conjundiively,  produce  that  complete  motion,  termed 
Pulfation  ; by  which  the  blood  is  conveyed  from  the  heart 
to  the  extreme  parts  of  the  arterial  jyftem  ; and,  if  there  be 
no  re-adlion  in  the  venal  tubes,  it  is  returned  to  the  heart 
again  by  the  power  of  Air. 

We  allowed  the  re-adfion  of  the  vafcular  fyflem  greatly  to 
depend  on  the  nerves,  but  endeavoured  to  fhew  that  the 

nerves  themfelves  were  primarily  indebted  to  Vital  Air  for 

✓ 

their  power. 

By  the  propelling  force  of  Vital  Air,  we  prefume  all  glan*»  • 
dular  fecretions  to  be  performed,  for  the  purpofe  of  Nu- 
trition ; and  the  lymphatic  circulations  to  be  fupported  by 
the  fame  power  : and  alfo  by  means  of  the  Glands,  we  pre- 
fume  the  laws  of  generation  to  be  maintained. 


The 
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The  Blood  we  confider  as  an  elaborated  fluid,  prepared 
within  the  body  of  every  animal,  by  its  own  corporeal 
powers,  from  proper  aliment  received  ; from  whence  Nu- 
trition is  derived  by  means  of  the  Glands.  Even  the  Mo- 
ther's milk  neceiTarily  undergoes  a material  change  within 
the  body  of  an  Infant,  before  it  contributes  to  nutrition. 

All  the  various  nutritive  fubftances  received  into  the 
ftomach  of  an  animal  mull  be  digefted,  and  the  particles 
of  matter  differently  arranged,  before  the  nutritive  juices 
are  capable  of  being  received  into  the  chyliferous  veflels, 
and  conducted  to  the  vena  cava  to  mix  and  circulate  with 
the  blood. 

The  nutritive  juices  received  into  the  blood,  in  form  of 
chyle,  mull  undergo  feveral  other  changes,  before  they  ac- 
tually become  blood. 

In  our  lectures  we  confldered  the  blood  of  an  animal  as 
the  common  menfiruum  of  Nutrition  only  ; regarding  it  in 
the  light  of  a mere  pafflve  fluid,  kept  in  continual  motion 
by  the  Air  conftantly  admitted  into  it ; and  we  endeavoured 
to  prove  Air  to  be  its  invigorating  or  firft  moving  principle. 

The  Hypothefls  of  life  exifting  in  the  blood  certainly 
owes  its  origin  to  Mofes,  though  firft  adopted  philofophically 

by 
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by  Dr.  Harvey,  who  even  goes  fo  far  as  to  fuppofe  the 
blood  to  be  the  feat  of  the  foul 

To  this  point,  in  our  introductory  leCture  we  exprefted 

ourfelves  as  follows : 

We  do  not  pretend  to  determine  in  what  part  the  fentient 
principle  is  feated  in  man  ; we  know  that  man  has  a fpirit 
or  thinking  principle  exifting  in  him,  and  with  this  know- 
ledge  let  us  reft  contented  : for,  if  this  fpirit  or  thinking 
principle  be  immaterial,  it  cannot  be  an  objeCt  of  our  fenfes ; 
and  if  it  be  not  an  objeCt  of  our  fenfes,  man’s  refearches 
after  it  will  ever  prove  in  vain. 

We  ventured  at  the  conclufton  of  the  lectures  to  obferve, 
that  if  there  be  a connexion  between  grofs  material,  and 
immaterial  fubftances,  as  it  muft  be  effected  by  means  of 


* It  is  not,  however,  probable  that  Mofes  had  any  reference  to  immaterial  caiifes  at  a 
time  he  was  fpeaking  to  the  people  concerning  their  daily  food.  66  Every  moving  thing, 
“ fays  he^  that  liveth,  (hall  be  meat  for  you,  but  flefli  with  the  life  thereof,  which  is  the 
blood  thereof,  Ihall  ye  not  eat.”  Gen.  chap.  ix. — 

This  appears  to  be  nothing  more  than  a forcible  expreffion  to  convey  fully  the  meaning 
of  the  Lawgiver;  for  if  the  blood  of  an  animal  be  taken  away  it  furely  dies;  and  hence 
Blood  is  familiarly  ftyled  the  fountain  of  life.  It  is  not  unlikely  that  Mofes  might  com- 
mand the  Jews  to  bleed  the  animals  they  were  to  feed  upon,  with  a view  to  prevent  the 
flefh  becoming  too  foon  putrid  ; or  perhaps  to  reftrain  them  from  brutilh  ferocity,  and, 
(making  a diftin£tion  between  man  and  other  animals)  to  add  force  to  another  law  given  in 
the  fame  chapter  : u Whofo  fheddeth  man’s  blood,  by  man  alfo  fhall  his  blood  be  fhed.” 

D fome  thing 
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fomething  intermediate,  this  union  was  not  unlikely  to  be 
formed  by  fome  rare  medium  ; and  if  fo,  we  afked,  why 
not  by  means  of  that  Vital  Air  by  which  matter  was  firft 
animated  ? And  here  we  dropped  the  fubjedt ; our  inquiries 
being  altogether  confined  to  material  caufes. 

Dr.  Harvey  feems  to  have  wanted  nothing  but  the  prin- 
ciple of  Vital  Air  to  have  enabled  him  to  complete  his 
theory,  without  having  recourfe  to  imaginary  or  unknown 
caufes — Thefe  are  his  words  almoft  literally  : 

“ Hence  alfo  appears  the  pre-eminence  of  the  blood,  that 
“ pulfation  derives  its  original  from  it : for  as  pulfation 
“ conftfts  of  two  parts,  namely  diftenfion  and  contraction, 
“ or  diaftole  and  fyftole  ; and  of  thefe  two  motions  the 
“ diftenfion  is  firft;  it  is  evident  the  former  depends  on  the 
“ blood,  but  the  contraction  is  performed  by  the  beating 
“ veficle  in  the  egg  (as  by  the  heart  in  the  chick)  by  means 
iS  of  their  proper  fibres  ®.” 

Nothing  can  be  more  clear  than  this  defcription.  Dr. 
Harvey  fpeaks  to  the  very  facts  I fhall  have  occafion  to  con- 


* Hinc  quoque  apparet  fanguinis  principalitas,  quod  pulfus  ex  eo  or tu-m  ducat.  Cum 
cnim  duse  Tint  pulfationis  partes,  diftenfio  nempe  et  contradtio,  five  diaftole  et  fyftole, 
horumque  motuum  diftenfio  prior  fit ; manifeftum  eft  adlionena  illam  fanguini  competere : 

conftridtionem  vero,  a veftcula  pulfante  in  ovo  (ut  a corde  in  pullo)  propriis  fibris 

inftitui— 

Vide  Harv.  de  generat.  Animal,  exeroitat.  51. 

tend 


[ » ] 


tend  for,  but  not  being  acquainted  with  our  principles,  he 
could  not  make  that  ufe  of  experiments,  which  I am 
about  to  do. 

This  is  evident  from  what  follows ; for  he  adds — t{  Nor 
“ is  the  blood  to  be  called  an  original  and  principal  part, 
“ only,  becaufe  in  it,  and  from  it,  motion  and  the  beginning 
“ of  pulfation  arife  ; but  alfo  becaufe  in  it,  animal  heat 
“ firft  is  bred,  the  vital  fpirit  is  produced,  and  the  foul  itfelf 
<c  relides 

9 

What  a fine  mode  of  reafoning!  May  I be  permitted 
to  fay,  how  elegantly  ingenious  is  this  hypothefis?  How 
infinitely  near  does  he  approach,  and  yet  does  not  feem  to 
have  the  mod  diftant  conception,  that  Air  was  the  unknown 
principle  yet  wanting,  to  produce  all  thofe  wonderful  phe- 
nomena, that  thus  claimed  his  moil  curious  attention  ? and 
which  I hope  to  be  able  fatisfa£torily  to  explain. 

4*  / 

I cannot  help  confidering  this  great  man  as  my  valuable 
and  good  Ally,  but  we  have  a formidable  Opponent  to 
contend  with — one  who  has  endeavoured  to  overturn  the 
whole  of  Dr.  Harvey  s theory,  in  order  to  eftablifh  his  own  ; 


* Nec  fanguis  folum  pars  primigenia  et  principalis  dicendus  eft,  quod  in  eo  et  ab  eo 
motus  pulfufque  principium  oriatur  ; fed  etiam,  quia  in  eo  primum  caior  animali$  inna* 
fcitur,  fpiritus  vitalis  ingcneratur,  et  anima  ipfa  coniifti*. 


Ibid. 

I mean 
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1 mean  die  celebrated  Boerhaave,  who  abfolutely  affirms, 
((  that  the  caufe  impelling  the  blood  from  the  heart  into  the 
“ arteries,  and  from  the  veins  into  the  heart,  is  not  in  the 
“ blood,  but  is  to  be  fought  for  in  the  heart  itfelf.”  * He 
afterwards  endeavours  to  prove  the  motion  of  the  heart  to 
be  lrom  the  nerves ; and  to  ffiew  the  brain,  or  rather  a 
particular  part  of  it,  not  the  Pineal  Gland  as  Des  Cartes 
imagined,  to  be  the  feat  of  the  foul  f. 

In  purfuit  of  his  own  fyftem,  Boerhaave  was  reduced  to 
the  neceffity  of  accounting  for  the  fyftole  prior  to  the 
diaftole,  contrary  to  the  order  of  Nature  f ; which  has  led 
him  and  his  followers  into  many  difficulties ; notwith- 
standing which  his  hypothecs  has  obtained  the  preference 
over  Dr.  Harvey’s ; and  is  at  prefent  generally  received  ; 
though  1 think  I have  been  informed,  that  one  of  our  ana- 
tomical profefibrs  in  this  Metropolis  has  lately  mentioned  the 
Harveyan  doctrine  with  refpedd 

From  our  obfervations  perhaps  it  will  appear  that  the 
re-addon  of  the  veffels,  which  Boerhaave  and  his  followers 

*■  Caufa  igitur  pellens  fanguinem  ex  corde  In  arterias,  ex  venis  in  cor,  non  eft  In  ipfa 
mole  fanguinis  : fed  qusrenda  In  eo,  quod  fanguinem  cordis  proxime  comple£titur,  id  eft, 
hi  corde  ipfo. 

Vide  Inflit.  Boerh.  180,  iBi. 

t Vide  Inflit.  No.  574.  % Vide  Inflit.  No.  189,  190. 

make 
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make  the  firft  caufe,  is  in  reality  only  the  fecondary  caufe 
of  the  circulation  ; and  that  Dr.  Harvey  was  altogether 
right  in  making  the  diaftole  precede  the  fyftole. 

v. 

It  will  not,  however,  be  unpleafing  to  the  learned,  if  we 
fhould  eventually  fhew,  that  both  thefe  great  men,  though 
totally  oppofite  in  their  theories  concerning  the  circulation, 
were  neither  of  them  far  from  the  truth.  One  difcovered 
motion  firft  in  the  blood,  but  knew  not  the  caufe  ; the  other 
difcovered  motion  in  the  vafcular  fyftem,  and  miftook  it  for 
the  firft  caufe : thus  each  of  them  faw  in  part,  what  I am 
about  to  relate  ; and  both  had  recourle  to  invention  to  fup- 
ply  what  they  did  not  fee  : hence,  both  of  them  were  obliged 
to  introduce  imaginary  agents. 

Had  our  new  experiments  concerning  Air  been  as  well 
known  to  either  of  them  as  they  are  at  this  time  to 
many  gentlemen,  moft  probably  the  honour  of  attempting 
to  explain  the  laws  of  the  circulation  of  Animal  Fluids 
would  not  have  fallen  to  my  lot. 

We  fhall  now  proceed  to  our  inquiries,  without  animad- 
verting on  that  fyftem  which  maintains  the  fentient  principle 
in  man  to  be  altogether  material ; that  fays  it  depends  on, 
and  is  derived  from,  a fyftem  of  organifed  matter — This 
dangerous  hypothefis  is  evidently  built  on  the  Boerhaavean 
foundation,  and  if  it  fhould  appear  that  Boerhaave  himfelf 
I ' E has 
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has  been  miftaken  in  regard  to  the  nervous  fyftem,  his  own 
fabric  will  neceftarily  be  demolifhed  ; and  of  courfe,  it 
muft  follow,  that  this  more  modern  fuperftrudfure  will  be 
buried  with  it  in  the  ruins. 

The  heart  of  an  animal,  in  the  courfe  of  our  lectures,  we 
ventured  to  ftyle  the  centre  of  motion,  refpedting  animal 

life. 

Anatomists  deferibe  the  heart  to  be  a compound  mufcle, 
compofed  of  fibres  of  the  fame  nature  as  thofe  of  other 
mufcles : the  heart  has  been  confidered  to  have  two  motions, 
termed  fyftole  and  diaftole. 

The  motions  of  the  heart  are  thus  delcribed : its  fyflole, 
fay  they,  is  when  the  fibres  of  the  heart  contract,  its  fides 
fwell,  and  its  cavities  are  diminifhed,  being  ftrongly  preffed 
on  all  fides.  The  diaftole  is  when  this  mufcle  ceafeth  to 
asft  ; its  fibres  being  then  lengthened,  its  fides  fall,  and  its 
cavities  become  large  and  wide  : it  is  alfo  particularly  noted 
that  the  blood  is  expelled  from  the  heart  in  the  lyftole,  and 
received  into  it,  in  its  diaftole ; and  the  circulation  of  the 
blood,  according  to  Boerhaave,  whofe  opinion  is  almoft 
univerfaliy  embraced,  is  principally  performed  by  the  great 
power  he  aferibes  to  this  mufcle  ; which,  however,  Ana- 
tom ifts  have  proved  to  have  no  antagonifts. 


A DOCTRINE 
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A doctrine  fo  generally  eftabliffied  will  not  ealily  be 
overturned ; this  difficulty  I am  prepared  to  meet,  as  the 
prejudices  of  weak  minds  will  not  difconcert  me — for  I 
confider  myfelf  addreffing  liberal  and  fcientffic  men  at  large, 
on  a pleafing  branch  of  natural  philofophy  ; and  we  can 
boafl  of  characters  in  the  profeffion  who  will  pay  refpeCt  to 
truth,  though  it  may  approach  them  in  a rude  and  humble 
garb : however,  the  fubjeCt  itfelf  is  by  no  means  confined 
to  medical  men,  although  a rational  practice  of  phyfic  mull 
ever  be  founded  on  the  knowledge  of  the  laws  of  Nature, 
refpeCting  Animal  Life. 

The  mind  muft  firft  doubt,  before  it  will,  in  the  leaf!:, 
be  difpofed  to  diffielieve  a doCtrine,  that  has  been  eftabliffied 
for  a feries  of  years ; a doCtrine  that  has  overturned  Dr. 
Harvey’s  theory,  and  which  has  been  handed  down  to  us 
through  the  refpeCtable  medium  of  learned  authorities.  As 
I cannot  pretend  to  the  power  of  perfualion,  it  would  be  in 
vain  for  me  to  attempt,  in  the  firft  inftance,  to  raife  a doubt 
in  the  breaft  of  any  man  ; yet,  perhaps,  it  may  not  be  con- 
fidered  as  time  wholly  mifpent,  when  I honeftly  relate  that 
train  of  doubts  and  uncertainties  that  conducted  me  to  the 
difcovery  of  a contrary  fyftem. 

FSF^y  K|  % I i J 

Many  years  have  pafied  fince  I firft  began  to  doubt  the 
truth  of  the  Boerhaavean  theory  concerning  t iic  circ  ulation 
of  the  blood  ; and  I doubted  long,  before  tho'e  doubts 

amounted 
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amounted  to  disbelief;  when  difbelief  at  length  pofiefled 
in y mind,  it  neceffarily  led  me  to  endeavour  to  find  out  the 
fallacy  ; and  this  inquiry  could  be  purlued  by  no  other 
means  than  an  attempt  to  difcover  a caufe,  equal  to  the 
cffed  of  keeping  the  blood,  and  other  juices  of  the  body, 
in  their  regular  and  conftant  motion ; and  to  which  caufe 
I could  more  readily  yield  my  rational  aflent. 

My  doubts  arofe  on  many  points  ; and  for  the  readers 
fatisfadion,  I fhall  mention  a few  : in  the  firft  place  I could 
never  conceive  the  mufcular  force  of  the  heart,  confidered 
independently,  to  be  a power  equal  to  the  effed  contended 
for ; fecondly,  the  heart  being  alternately  dilated  and  con- 
traded,  and  no  antagonift  mufcles  being  difcovered,  I could 
not  fuppofe  this  two-fold  operation  to  take  place,  without 
feme  other  caufe  co-operating  with  the  heart,  and  thereby 
funplying  the  place  of  antagonift  mufcles.  In  the  third 
place  I confidered  the  mufcles  of  the  thorax,  in  the  ad  of 
refpiration,  as  they  alfo  are  alternately  dilated  and  con- 
traded  ; and  thefe  mufcles  being  allowed  to  have  no  anta- 
gonift s,  the  fame  difficulty  presented  itfelf  to  account  for 
their  operation. 

Thus  my  doubts  encreafed,  and  grew  ftronger ; for  thefe 
effeds  were  aferibed  to  caufes  I could  not  underhand,  and 
confequently  could  not  fubferibe  to : that  the  heart  flood 
in  need  of  fome  co-operating  power,  to  fupply  the  place 
of  antagonift  mufcles  feemed  to  be  implied  when  animal 

fpirits 
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fpirits  were  introduced  into  the  . fyftem  of  organ ifed 

matter. 

JA.  *.  _ , * *'•  * " -i  * •*  * 

But  when  I read  of  animal  fpirits  iffuing  from  the 
nerves,  and  falling,  drop  by  drop,  into  the  mufcular  fibres, 
to  rarefy  the  blood,  in  order  to  explain  mufcular  motion, 
it  was  too  myfterious  for  me  to  comprehend : being  told 
that  upon  a drop  of  the  animal  fpirits  falling,  the  fibres  are 
prefently  inflated,  and  |the  mufcles  contracted  ; and  as  foon 
as  the  rarefaction  of  the  blood  is  over,  the  mufcle  is  relaxed 
till  the  next  drop  falls  from  the  nerves ; and  that  the  fyftole 
and  diaflole  of  the  heart  are  regularly  produced  by  this 
wonderful  contrivance,  without  the  help  of  antagonift 
mufcles,  or  any  other  co-operating  power ; I could  not  help 
admiring  the  ingenuity  of  man,  but  doubted  exceedingly 
whether  he  had  yet  difcovered  the  wifdom  of  the  Author  of 

Nature,  in  thefe  mechanical  operations  of  Animal  Life. 

«» 

It  may  not  be  improper  to  mention,  that  the  moll 
glaring  abfurdity  appeared  to  me  to  attend  this  theory,  not- 
withftanding  it  has  been  fo  generally  admitted.  The  only 
idea  I could  ever  affix  to  the  term  Animal  Spirits  is  fome 
fluid,  containing  fo  little  matter  that  it  might  almofl  be 
ftyled  an  immaterial  principle ; yet,  poffieffed  of  much 
more  power  than  air,  or  any  other  fluid,  evidently  material 
and  perceptible : — if  this  may  be  called  an  idea,  it  is  the 
one,  I believe,  ufually  adopted  by  fcientific  men,  when 

F the 
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the  term  Animal  Spirits  is  made  ufe  of ; and  by  them,  this 
almofl  immaterial  principle  is  appropriated  to  the  moft  la- 
borious material  purpofes,  and  univerfally  fpoken  of  as 
matter  ; it  is  on  the  prefent  occaiion  fpecifically  defcribed 
as  a fluid,  with  a property  peculiar  to  fluids,  of  falling 
drop  by  drop : — fuch  feeming  contradictions  I could  not 
reconcile. 

Another  palpable  abfurdity,  may  I be  permitted  to  fay  ? 
attends  this  theory ; for  allowing  the  aid  of  animal  fpirits 
in  the  contracting  power  of  the  heart,  the  fupporters  of  the 
Boerhaavean  fyftem  are  reduced  to  the  wretched  dilemma  of 
aflerting  the  ab  fence  of  this  power,  or  in  other  words  the 
paffive  ftate  of  this  mufcle,  to  be  the  active  caufe  of  the  dif- 
tention  of  the  heart ; and  when  this  difficulty  is  got  over,  take 
up  the  animal  at  what  period  of  life  you  pleafe,  there  mull  be 
fuppofed  an  exi fling  power  capable  of  bringing  the  blood, 
or  nutritive  juice,  to  the  heart,  before  it  can  poffibly  be 
thrown  out  of  it ; fo  that  what  is  termed  the  diaftole  muft 
have  exifted  before  the  fyftole  could  take  place.  This  dif- 
ficulty would  have  puzzled  almofl  any  other  man  than 
Boerhaave  ; but  his  furprifing  force  of  imagination  overcame 
all  impediments,  and  his  iuperior  abilities  enabled  him  to 
form  new  laws  at  pleafure  : his  arguments  alfo  were  de- 
livered with  fuch  a tone  of  weight  as  commanded  the  at- 
tention of  his  pupils,  and  they  generally  received  his 

opinions 
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opinions  without  diftruft ; of  which  the  prefent  is  a noto- 
rious inftance  : and  indeed  moil  authors,  ftnce  his  time,  have 
fallen  into  this  raoft  glaring  error  of  placing  the  fyftole 
before  the  diaftole ; which,  as  before  obferved,  is  con- 
trary to  the  order  of  Nature. 


In  purfuing  this  train  of  ideas,  can  it  then  be  wondered 
at,  that  I fhould  be  exceedingly  averfe  to  the  hypothecs 
of  animal  fpirits  ? 


Being  thus  diftatisfied  with  the  prefent  eftablifhed  theory, 
I began  to  conftder  fome  other  mufcles  which  have  no  an- 
tagonifts  ; for  inftance,  the  fphin&ers  of  the  anus , and 
the  urinary  bladder  ; which  are  not  alternately  relaxed,  and 
contracted,  like  thofe  of  the  heart  and  thorax.  In  thefe 
exceptions  I v/as  equally  diifatisfied  with  the  reafons  af- 
figned — namely,  that  their  force  being  very  weak,  their 
contraction  was  confequently  very  fmall,  and  differed  fo 
very  little  from  their  relaxation,  as  to  be  imperceptible  to 
us : thus,  the  power  of  thefe  mufcles  feems  to  have  been 
intentionally  foftened  down,  fo  that  the  magic  aid  of  ani- 
mal fpirits  (which  on  thefe  occaiions  would  have  but  little 
ferved  the  caufe)  might  appear  to  be  lefs  neceffary. 


This  ftranrre  doCtrine  I could  not  aftent  to.  becaufe  mv 

O J 

own  experience,  by  a little  attention  to  -my  daily  evacu- 
ations, convinced  me  of  its  fallacy  : it  not  only  fatisfnd 
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me  the  contracting  power  of  thefe  mufcles  was  very  great 
on  the  occaiion  of  the  expulhon  of  the  evacuations  ; but 
1 like  wife  difcovered  they  afforded  me  voluntary  power  to 
refill  the  evacuations,  for  a conliderable  time  ; and  it  was 
evident  from  my  obfervations  that  the  fphinEier  ani  was,  in 
the  firft  inflance,  relaxed  by  the  expulhon  of  the  faces , 
and  the  fphinEier  veficce  by  the  expulhon  of  the  urine  ; but 
of  that  power,  which  produced  thefe  effects,  I was  yet 
ignorant. 


Thus  doubts,  having  long  exifled  in  my  mind,  led  to  a 
disbelief  of  this  theory,  which  prompted  me  to  make  new 
enquiries ; and  at  length  I had  recourfe  to  experiments. 
Thefe  experiments  informed  me  “ That  air  exifted  in  all 
“ matter  ; that  the  fpring,  or  force  of  air  was  in  pro- 
“ portion  to  its  weight ; that  the  power  of  air  confined  in 
“ a tube,  and  rarehed  by  heat,  was,  by  the  act  of  rarefahion, 
“ conhderably  encreafed — that  moll  of  the  tubes  of  an 
<s  animal  body  pohehed  an  elaftic,  or  mufcular  property  ; 
“ that  die  hrft  evident  hgn  of  motion  produced  in  fluids, 
“ by  heat,  was  caufed  by  the  rarefaction  of  the  air  con- 
“ tained  in  them  ; that  from  the  degree  of  heat  peculiar  to 
C!  animal  life,  the  air  in  an  animal  became  fo  much  rarefied 
c;  as  to  be  continually  in  motion ; — and,  ultimately,  that 
u air  did  actually  exiil,  in  this  rarified  and  circulating  flate, 
“ not  only  in  the  blood,  but  in  all  the  other  fluids  con- 


tamdd  within  an  animal  body*  . 


55 


* Vide  the  Principles  laid  down  in  the  SyHabus.  Page  22,  &c. 
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Being  in  pofleilion  of  thefe  experimental  proofs,  which 
were  publickly  exhibited  at  my  Lectures  *,  I was  led  to 
conlider  the  arguments  again  ft  the  external  atmofphere 
being  admitted  into  the  .circulation  of  our  fluids ; and  to 
me  thofe  arguments  appeared  altogether  inconclusive.  I then 
began  to  think  it  not  improbable  that  the  action  of  air 
might  fupply  the  place  of  antagonift  mufcles,  - wherever 
they  feemed  to  be  wanting,  not  only  in  the  Heart,  but 
throughout  the  animal  (Economy. 

I shall  conclude  the  prefent  chapter  with  a few  more 
experiments  and  obfervations,  that  may  perhaps  Strengthen 
this  opinion.  It  is  a fail  well  known  that  the  hearts  of 

fome  animals  will  continue  to  beat  with  a regular  and 

* The  experiments,  on  which  the  principles  are  founded,  were  ufually  {hewn  before 
each  Le&ure  : but,  as  I wilhed  no  Gentleman  might  be  abfent  at  the  proofs  of  the  27t.l1 
and  28th  Principles,  thofe  experiments  were  exhibited  on  the  fixth  night  between  the  Le  bit  ire 
and  Conjectures-,  and  they  were  alfo  repeated  at  the  next  Ledture.  It  will  mod  likely  be  re  * 
membered  that  I then  addrefled  my  auditory  in  the  following  manner,  for  the  words  are 
taken  from  my  notes  : 44  As  fome  perfons  have  doubted,  and  others  denied,  the  exigence 
4<  of  air  in  the  circulating  fluids  of  an  animal  body,  and  more  efpecially  in  the  blood;  I 
44  wifli  the  matter  of  faft  to  be  eftablifhed  in  the  prefence  of  every  Gentleman  who  does 
44  me  the  honour  of  confidering  the  prefent  important  fubjeth  For  this  purpofe  the 
44  Operator  has  procured  a blood- vefl'el,  fecured  by  ligatures  before  it  was  taken  from  the 
<s  body  of  the  animal,  fo  that  no  communication  can  have  been  admitted  between  the  air 
44  contained  in  the  blood,  and  the  atmofpheric  air,  except  what  is  natural  in  a living 
44  date.  He  has  alfo  a part  of  the  medullary  fubftance  of  the  brain  to  exhibit  : when 
44  you,  Gentlemen,  are  fatisfied  with  thefe  experiments  we  (hall  begin  with  our  Con- 
44  je&ures.”  I believe  all  thofe  who  faw  the  experiments  admitted  that  the  fads  were 
fully  proved;  and  as  they  are  eafily  made,  any  Gentleman,  in  the  lead  acquainted 
with  the  management  of  an  air-pump,  may  readily  obtain  ocular  demonftration  of  the 
Truth  of  the  above  principles. 
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forcible  motion  for  feveral  hours  after  they  are  feparated 
from  the  body  ; and  I thought  it  applicable  to  our  prefent 
inquiries,  to  learn  how  far  the  fpring  and  force  of  the  at- 
mospheric air  might  be  inftrumental  to  this  motion ; for 
many  efte&s  are  familiar  to  us,  though  their  caufes  lie 

hid.  • 

EXPERIMENT  I. 

The  Heart  of  a final  1 Eel,  feparated  from  its  body, 
beat  twenty  flrokes  in  a minute,  regularly  and  forcibly ; 
being  placed  under  a receiver,  as  the  air  was  exhaufting 

it  encreafed  to  twenty-four  flrokes;  but  the  motion  was 

% 

more  feeble  : in  three  minutes  it  was  fcarcely  perceptible : 
by  admitting  frefh  air  the  motion  of  the  heart  returned  with 
equal  force  as  at  firft  ; and,  by  exhaufting  it  again,  the 
motion  regularly  decreafed.  Frefh  air  was  admitted  a 
fecond,  third,  fourth,  and  fifth  time  ; in  each  trial  the  mo- 
tion of  the  heart  regularly  returned  ; and  it  was  as  fenfibly 
diminifhed,  on  the  receiver  being  exhaufled  : at  length,  the 
fluids  proper  to  the  heart  itfelf  having  in  a great  meafure  tran- 
fuded,  the  mufcular  fibres  became  dry,  and  loft  their  power 
of  re-afition,  when  all  motion  ceafed. 

EXPERIMENT  II. 

On  the  Heart  of  -a  Tench. 

The  fifh  was  very  lively,  and  weighed  near  a pound; 
when  the  heart  was  taken  out,  it  beat  twenty-two  flrokes 
in  a minute,  regularly  and  forcibly ; I could  not  obferve 
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it  to  beat  quicker  when  put  under  the  receiver ; if  it  did, 
it  was  not  more  than  one  ftroke  in  a minute — but,  as  the 
air  was  exhaufting,  the  motion  became  vifibly  weaker,  and 
in  four  minutes  it  almoft  ceafed  ; on  the  admiftion  of  frefh 
air, ' the  . motion  returned  with  full  force ; and  it  again 
ceafed,  or  fcarcely  moved,  when  the  receiver  was  a fecond 
time  pretty  highly  exhaufted.  The  air  was  admitted  again 
and  again,  and  alfo  exhaufted  as  in  the  former  experiment  ; 
and  each  time  the  effects  were  exactly  fimilar. 

The  heart  of  the  Tench  was  much  larger  than  that  of 
the  Eel,  and  when  the  receiver  had  been  fix  times  exhaufted 
the  mufcular  fibres  of  this  heart  ftill  retained  their  capability 
of  re-adtion  ; and,  being  expofed  to  the  atmofpheric  air,  ' 
the  heart  continued  to  beat  regularly  and  forcibly  for  a 
great  length  of  time. 

EXPERIMENT  III. 

The  Heart  of  a fmall,  but  very  lively,  Eel,  when  taken 
from  the  body,  beat  fixty  bold  and  regular  ftrokes  in  a 
minute;  being  put  under  the  receiver,  and  the  air  gently 
exhaufted,  its  motion  became  more  feeble,  and  the  heart 
beat  only  forty  ftrokes  in  the  minute  ; the  ftrength  of  its 
motion  gradually  abating,  and  being  almoft  imperceptible, 
the  air  was  re-admitted  as  in  the  former  experiments,  when 
the  heart  beat  again  with  full  force,  but  not  more  than 
forty  ftrokes  in  the  minute,  and  the  experiment  continued 
as  before. 
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EXPERIMENT  IV. 

Another  Heart  beat  only  eight  ftrokes  in  a minute  when 
taken  from  the  body ; thefe  ftrokes  were  bold  but  ir- 
regular : this  heart  being  put  under  the  receiver,  and  the 
air  gradually  exhaufted,  the  pulfations  quickly  encrealed  to 
the  number  of  eighteen  in  the  minute ; they  were  left 
forcible,  but  more  regular  ; when  the  receiver  was  nearly 
exhaufted,  the  motion  of  the  heart  was  fcarcely  perceptible, 
but  on  the  re-ad miftion  of  the  atmolpheric  air,  it  returned 
again  with  its  former  force,  and  the  experiment  continued  as 
before. 

EXPERIMENT  V.  • 

The  Heart  of  another  Eel  being  placed  under  the 
receiver,  and  the  air  expeditioufly  exhaufted,  a very  flut- 
tering motion  was  foon  difcernible ; when  the  receiver  be- 
came highly  exhaufted  the  air  proper  to  the  juices  of  the 
heart  itfelf  tranfuded,  and  remained  on  its  furface  in  tranf- 
parent  globules ; in  a very  few  minutes  the  heart  ceafed 
to  beat,  it  appeared  dry  and  withered,  and  although  the 
atmofpheric  air  was  re-admitted  no  motion  returned  ; for  the 
mufcular  fibres  had  loft  their  power  of  re-action. 

EXPERIMENT  VI. 

The  Heart  of  an  Eel  was  placed  under  a receiver,  and 
the  air  nearly  exhaufted  ; another  heart  at  the  fame 
time  was  expofed  to  the  common  air  of  the  atmofphere : 
the  motion  of  the  heart  under  the  receiver  was  feeble  and 
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quick ; but  it  entirely  ceafed  in  fifteen  minutes ; whereas 
the  heart  expofed  to  the  atmofpheric  air  continued  a forcible 
and  regular  motion  for  an  hour  and  half ; then,  gradually 
declining,  it  flopped  in  about  two  hours  and  an  half.  . 

EXPERIMENT  VII. 

The  Heart  of  an  Eel  was  placed  under  the  exhaufted  re- 
ceiver, about  fix  minutes ; till  its  motion  was  no  longer  per- 
ceptible ; but,  being  taken  out  and  expofed  to  the  atmo- 
fpheric air,  the  motion  of  this  heart  inftantly  became  ftrong 
and  regular ; and  it  continued  to  beat  nearly  as  long  as 
another  heart  which  had  not  been  placed  under  the  re- 
ceiver *. 

From  the  above  experiments  this  general  conclufion,  I 
think,  may  fairly  be  drawn  ; that  not  only  the  ftrength  of 

the 

* These  experiments  require  great  attention  : the  health  of  the  animals,  and  perhapsr 
the  fize  of  them  fhould  be  regarded  ; the  goodnefs  of  the  air  pump,  the  dimenfions  of  the 
receiver  (that  I lately  ufed,  was  i|  inches  in  diameter,  and  in  altitude)  whether  the 
receiver  be  haftily  or  (lowly  exhaufted,  and  how  highly.  1 object  to  the  ufe  of  oil  in  this, 
and  every  other  experiment  on  animal  motion.  Care  fhould  be  taken  not  to  wound  the 
heart;  fometimes  I have  not  divided  it  from  the  liver  and  other  inteftines,  but  the  effedt 
was  nearly  the  fame.  I have  frequently  taken  oft  its  pericardium ; this,  however,  muftbe 
done  with  a nice  hand  ; I think  the  motion  is  then  (lower,  but  more  regular  and  bold,  and 
the  experiment  more  beautiful- 

• ■ \ v j t , • 

I made  many  experiments  to  learn  why  fome  hearts  beat  quicker  than  others  when  taken? 
from  the  body,  and  am  not  yet  thoroughly  fatisfied  : it  is  proper  to  remark  the  Eds  were 
final!,  and  perhaps  fome  of  the  hearts  might  be  injured  ; or,  coagulated  blood  might  more 
or  left  obftrudt  the  admiflion  of  the  air  into  all  of  them  : fome  did  not  beat  more  than  fix 
or  eight  ftrokes  in  a minute,  others  from  io  to  20,  and  fo  on  to  40  and  60  ; but  I do  not 
, El  recolledb 
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the  motion  of  the  heart,  but  alfo  the  continuation  of  its 
motion,  feems  to  depend  altogether  upon  the  weight  and 
fpring  of  the  atmofpheric  air.  In  proportion  as  the  receiver 
became  more  highly  exhaufted,  in  every  experiment,  we 
obfervc  the  action  of  the  heart  to  become  more  feeble : and 
when  the  hearts  ceafed,  or  nearly  ceafed  to  beat,  by  in- 
troducing frefh  air,  motion  conftantly  and  forcibly  returned; 
except  in  thofe  cares  where  the  mufcular  fibres  had  loft  their 
power  of  re-acftion. 

I shall  leave  the  application  of  thefe  experiments  to  my 
readers  ; and  if  what  has  been  advanced  in  the  prelent 
chapter  fhould  incline  learned  and  philofophic  men  to  think 
we  are  treading  on  folid  ground,  I hope,  from  our  future 
inquiries,  they  may  alfo  be  induced  to  think  with  me  it  is 
highly  probable  that  the  atmofpheric  air  is  continually  re- 
ceived into  animal  bodies,  in  order  to  fupport  that  ftandard 

peculiar 

recollect  that  any  two  beat  exadlly  alike.  While  the  air  was  exhaufling,  the  motion  of 
fome  of  the  hearts  became  flower,  others  did  not  vary  in  the  number  of  flrokes,  others 
again  became  quicker — I am  equally  at  a lofs  to  account  for  thefe  different  efredfs,  if  they 
may  not  be  afcribed  to  the  caufes  before  mentioned. 

Experiments  we  know  will  vary,  and  thefe  remarks  may  prove  agreeable  to  the 
curious  ; they  may  afliff  them  in  farther  purfuits  ; the  fubjedf  is  copious,  perhaps  important : I 
will  thank  any  Gentleman  who  fhall  hereafter  communicate  to  me  his  obfervations.  It 
may  not  be  improper  to  remark,  for  the  information  of  fuch  as  are  not  well  acquainted 
with  the  laws  of  Pneumatics,  that  the  fpring  and  force  of  the  atmofpheric  air  is  abated  by 
taking  away  a part,  in  proportion  as  it  is  rendered  lighter  ; it  is  likewife  abated  by  humi- 
dity, in  proportion  as  it  is  rendered  humid  \ yet,  when  air  becomes  rarefied  and  expanded 
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peculiar  to  Vital  Air  ; by  which  power  the  circulation  of 
our  fluids  is  uniformly  maintained  : and  likewife  that  the 
fpring  and  force  of  air  fupplies  the  place  of  antagonift  muf- 
cles,  not  only  in  the  heart  but  throughout  the  animal 
osconomy. 

* 

The  dodtrine  of  Vital  Air,  and  the  natural  means  of 
fupporting  its  ftandard,  by  the  conftant  ad  million  of  the 
atmofpheric  air  into  animal  bodies,  may  perhaps  be  new  ; 
yet,  I am  by  no  means  lingular  in  opinion,  that  t-he  aftion 
of  air  may  fupply  the  place  of  antagonift  mufcles  : tho’ 

many  learned  men  have  denied,  others  have  afcribed  this 
power  to  the  atmofpheric  air ; but  I believe  they  have  gone 
no  farther  : be  this  as  it  may,  true  philofophy  muft  ever 
be  built  on  experiments ; and,  without  this  folid  bafts,  the 
opinions  even  of  the  wifeft  men  fhould  be  received  with 
caution  : for  which  reafon  I with  not,  on  the  prefent  oc~ 

cafton, 

by  the  power  of  heat,  whether  it  be  dry  or  humid,  If  this  air  be  confined  in  tubes  its 
fpring  and  force  will  be  prodigiouily  encreafed,  by  the  acf  of  rarefaction. 

I shall  make  one  more  obfervation.  As  we  prefume  the  power  and  fpring  of  air  to 
be  the  firfl  caufe  of  motion  in  the  heart  of  the  Eel  when  taken  from  the  body,  how  are  we 
to  account  for  the  heart’s  motion  continuing,  even  for  a fhort  fpacc  of  time,  under  what 
is  termed  an  exhaufted  receiver  ? I anfvver,  in  the  fame  manner  as  we  account  for  fome 
animals  living  much  longer  than  others  in  the  above  fituation.  Were  it  prasflicabhe,  totally 
to  exhauft  the  air  from  a receiver,  and  in  an  inflant  of  time,  I apprehend  that  all  animals  would 
be  as  quickly  deprived  of  motion  and  life  by  this  means,  as  by  the  acf  of  drowning,  or  many 
other  modes  of  fudden  death  : but,  by  the  ufe  of  the  air-pump  we  only  take  away  part  of  the 
air,  whereby  that  which  remains,  expanding,  becomes  fpecifically  lighter,  and  thereby  lofes  a 

certain 
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cafion,  to  avail  myfelf  of  the  fandion  of  any  names,  how- 
ever high  and  refpedable  : my  conjedures,  fuch  as  they  are, 
originate  from  my  own  experiments : my  errors  and  miftakes 
I lay  at  no  man’s  door  ; and  if  there  be  any  truth  in  what 
I advance,  I am  perfuaded  that  in  the  paths  of  fcience 
Truth  will  make  its  own  way. 

certain  portion  of  its  fpring  and  force  : hence,  thofe  animals  that  naturally  exift  in  a lighter  or 
lefs  elaflic  atmofphere  are  not  fo  quickly  deprived  of  life,  by  means  of  the  air-pump,  as  thofe 
that  ufually  breathe  the  heavier  air  common  to  us.  Aquatics  come  under  the  denomination 
of  thofe  that  naturally  breathe  an  humid  and  lefs  elaftic  atmofphere  ; the  Tench  and  Eel, 
therefore,  are  not  eafily  to  be  deprived  of  life  by  means  of  the  air  pump : and  as  we  perceive 
the  motion  of  the  heart,  when  taken  from  the  body,  can  be  fupported  for  fome  hours  by 
the  weight  and  fpring  of  the  atmofpheric  air,  can  we  be  at  a lofs  for  a reafon  why  it  Ihoulcl 
continue  to  beat  a few  minutes  under  the  receiver?  It  is  fubmitted  to  the  public,  how  far 
thefe  experiments  may  be  applicable  to  our  inquiries,  concerning  the  importance  of  the 
atmofpheric  air  in  animal  life* 
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PHILOSOPHICAL  INQUIRIES 


INTO  THE 

LAWS  of  ANIMAL  LIFE. 


CHAPTER  the  SECOND. 

IN  the  firft  Chapter  of  our  Inquiries  we  had  recourfe  to 
the  atmofpheric  air,  as  the  natural  means  of  fupporting 
the  ftandard  of  that  Vital  Air,  which  we  fuppofe  to 
be  the  firft  material  caufe  of  motion  in  animal  life  : it  will, 
therefore,  be  neceflary  to  take  a review  of  the  moft  material 
objections  that  have  been  advanced  againft  the  admiftion  of 
the  atmofpheric  air  into  the  circulation  of  our  fluids ; and 
from  this  review,  perhaps,  the  candid  reader  will  perceive 
we  have  not  haftily  formed  our  own  opinions. 

The  illuftrious  Borelli  was  firmly  perfuaded,  that  the  heavy 
and  elaftic  air  of  the  atmofphere  was  admitted  by  the  lungs 


a 

< 


into  the  blood,  which  the  learned  Boerhaave  takes  notice  of, 
but  denies  the  fad  *.  He  pofitively  fays,  “ it  cannot  be 
by  the  arteries  ; nor,  does  it  appear  from  a7iy  argument  to 
‘ be , by  the  veins.”  We  readily  grant  the  former  part  of  this 
affertion,  that  the  atmofpheric  air  cannot  be  admitted  by  the 
arteries,  on  account  of  the  refinance  it  would  there  meet 
with  from  the  blood  moving  in  a contrary  diredion  ; and 
Boerhaave  himfelf  does  not  aiTert,  it  cannot  be  admitted  by 
the  veins ; he  only  fays,  it  does  not  appear  from  any  argu- 
ment. We  allow  no  arguments  had  been  urged,  at  that  time, 
fufficient  to  induce  him  to  believe  the  atmofpheric  air  was 
admitted  into  the  blood,  by  the  pulmonary  veins ; yet,  from 
this  peculiar  mode  of  expreflion,  it  is  apparent  Boerhaave 
was  far  from  thinking  it  impofilble  ; for,  his  very  words 
leem  to  leave  the  matter  of  fad  open  to  future  inquiry  ; 
and  we  hope  to  be  able,  by  many  arguments , to  fet  for 
the  moral  certainty  of  it ; which  is,  perhaps,  the  hi< 


degree  of  evidence  we  fhall  ever  arrive  at  concerning  the 

O O 

laws  of  refniration. 


\ rT' 

Lj  t.  jl 


us  then  examine  the  objedions  advanced  by  Dr. 
Boerhaave  againft  the  admiffion  of  the  atmofpheric  air  into 


* An  autem  partes  graves,  et  elafticae,  aeris  hie  mifeentur  fanguini  pro  vitali  elaftica 
©fcillatione,  ut  docet  eximius  Borellus?  id  nequit  fieri  in  arteriis,  nec  uflo  argumento 
conftat  in  venis.  Quin  creditur  obefie  aer  veficas  extendendo  venas  comprimens  in  in- 
fpiratione;  vis  comprimens  thoracis  venas  arblans  in  expiratione ; iingularis  hie  arteriae  in 
venam  commutation  cirticilis  aeris  tranfitus  in  meatus  parvos,  aquae  pervios,  oleo,  et 
fpiritibusj  humor  luhricu-s  membranae  fuccingentis  interiora  tracheae  j aeris  fanguini 
infufi  noxia. 
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the  blood  by  the  pulmonary  veins : he  obferves  that  this  air, 
by  extending  the  veflcles  of  the  bronchia,  compreffes  the 
veins  in  infpiration  ; and  he  fays,  the  comprefTmg  force  of 
the  thorax  narrows  the' veins  in  expiration  ; both  thefe  af~ 
fertions,  however,  appear  to  me  to  be  improbable.  It  is  a 
well  known  fa<fl,  that  not  only  air  but  all  other  fluids  put 
in  motion  will  take  that  direction  where  they  meet  with  the 
leaf!;  reflftance ; hence  the  veflcles  of  the  bronchia  readily 
yield  to  the  propelling  force  of  air  in  infpiration  : and  it 
appears  to  me  to  follow,  that  the  veins,  diftended  with 
blood,  reflft  the  comprefling  force  of  thefe  inflated  veficles ; 
for  the  power  of  any  given  quantity  of  air  is  abated,  in 
proportion  as  it  is  divided,  and  fubdivided,  into  parts  that 
are  kept  afunder  from  each  other ; and  the  innumerable 
cells  of  the  bronchia  feem  admirably  contrived  by  the 
Author  of  Nature  to  prevent  this  very  compreflion  con- 
tended for  by  Dr.  Boerhaave.  Nor,  in  expiration  can  we 
fuppofe  the  channels  of  the  pulmonary  veins  to  be  nar- 
rowed by  the  comprefling  force  of  the  thorax,  becaufe  the 
veficles  of  the  bronchia  as  readily  yield  to  this  power; 
and  as  the  air  received  into  them  by  the  a&  of  infpiration 
is  at  this  time  difcharged,  the  veflcles  tnemfelves  muft 
occupy  lefs  fpace  : where  then  is  the  neceflity  of  the  pul- 
monary veins  being  narrowed  in  expiration  by  the  com- 
prefling force  of  the  mufcles  of  the  thorax  ? We  cannot 
indeed  conceive  it  to  be  natural,  either  in  infpiration  or  ex- 
piration, that  any  confiderable  compreflion  fhould  take 

B place 
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place  in  the  pulmonary  veins,  as  it  would  be  an  impedi- 
ment to  the  circulation  of  the  blood  itfelf,  which  reSpiration 
is  intended  to  promote. 

From  the  foregoing  obfervations,  one  point,  at  leaft, 
feems  clear  ; that  as  the  atmofpheric  air  is  difcharged  from 
the  veficles  of  the  bronchia  in  the  aft  of  expiration,  if  it 
be  admitted  from  the  veficles  into  the  blood  at  all,  it  muft 
enter  the  veins  during  that  period ; and  this  is  a circum- 
ftance  particularly  to  be  remembered,  when  we  Speak  of 
the  laws  of  refpiration. 

In  the  next  place  Boerhaave  takes  notice  of  the  Singular 
changing  of  the  artery  into  a vein  in  the  lungs.  A very 
laconic  mode  of  expreSTion ; but  to  have  faid  more  might 
perhaps  have  made  altogether  againft  his  opinion  : for  a 
Singularity  takes  place  in  the  bronchial  arteries  and  veins, 
(which  are  appropriated  to  the  nourishment  of  the  lungs,) 
by  their  frequent  anaftomofes  not  only  with  each  other,  but 
particularly  thofe  of  the  bronchial  artery  with  the  pulmo- 
nary vein  : do  not  thefe  anaftomofes  evidently  Shew  that 
fome thing  more  than  nutrition  was  provided  for  in  thefe 
important  organs  of  refpiration  ? — Another  obfervation 
occurs  in  this  place,  namely,  that  the  ramifications  of  the 
pulmonary  artery  are  more  numerous  and  larger  than  thofe 
of  the  pulmonary  veins ; this  indeed  is  Singular,  as  in  all 
other  parts  of  the  body  the  veins  exceed  the  arteries  both 

in 
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in  number  and  fize  ; and  this'  Angularity,  likewife,  will 
hereafter  command  our  attention. 

Boerhaave  farther  urges  the  difficult  tranfit  of  air  into 
narrow  paffiages,  (by  which  I prefume  he  means  pores)  per-  • 
vious  to  water,  oil,  and  fpirits.  The  matter  of  faft  in  this 
inflance  is  againft  him  ; for  it  is  well  known  to  thofe  who 
have  made  experiments  on  air,  that  under  certain  circum- 
flances  air  will  pafs  through  cavities  impervious  to  fuch 
fluids ; and  here  we  mull  beg  leave  to  obferve  alfo  that 
there  is  a cellular  membrane  proper  to  the  lungs,  and  in 
contadl  with  the  veflcles  oi  the  bronchia  : all  the  bronchial 
cells,  Malpighi  particularly  remarks,  are  furrounded  by  a 
very  fine  reticular  texture,  of  the  fmall  extremities  of  the 
pulmonary  arteries  and  veins,  which  communicate  every 
way  with  each  other ; and  M.  Helvetius  afierts,  that  by 
blowing  into  this  membranous  fubfiance,  the  air  thus  ad- 
mitted will  comprefs  the  lobes  of  the  lungs ; and  he  farther 
fays,  which  more  particularly  makes  for  our  purpofe,  that 
by  blowing  forcibly  into  the  bronchial  veflels,  the  air  pafieth 
infenfibly  into  this  interlobular  fubftance.  Thus  it  ap- 
pears by  the  experiments  of  this  very  accurate  obferver, 
that  there  is  a paflage  which  admits  air  to  the  extremities  of 
the  pulmonary  arteries  and  veins:  this  alfo  deferves  par- 
ticular notice.  ~ 
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Boerhaave  adds  another  impediment,  which  is,  the'lu- 
bricating  humour  of  the  membrane  that  lines  the  trachea  ; 
he  might  have  carried  this  objection  farther,  as  we  will 
allow  the  like  humour  to  exift  through  all  the  veficles  of 
the  bronchia  ; it  is  a glandular  fecretion,  proper  to  tubu- 
lous  parts  and  membranous  furfaces ; and  we  will  venture 
to  fay,  it  is  a mucus,  fecreted  by  the  power  of  vital  air, 
evidently  intended  to  prevent  injurious  friction  on  all  occa- 
sions, and,  in  the  prefent  inftance,  to  defend  the  parts 
againfl  the  force  of  the  atmofpheric  air,  in  its  tranfit 
through  the  trachea,  and  the  bronchial  velicles,  into  the 
pulmonary  veins.  Malpighi’s  experiment  of  injedting  ink 
into  the  pulmonary  artery,  and  thereby  tinging  this  lubri- 
cating humour  that  lines  the  trachea,  alfo  proves  that  there 
are  channels  of  communication  between  the  arterial  tubes 
and  the  trachea : when  therefore  we  take  into  conlideration 
thefe  experiments  of  Helvetius  and  Malpighi,  although  we 
may  not  allow  them  to  be  proofs  altogether  fatisfadtory,  we 
mull  acknowledge  they  are  ftrong  prefumptions  in  favour 
of  the  paffages  contended  for. 

In  the  laft  place  Boerhaave  afferts  the  noxious  effedls  of 
air  infufed  into  the  blood.  This  likewife  is  a very  laconic 
expreffion.  Improperly  admitted,  we  grant  its  full  force  ; 
becaufe  the  power  of  air  may  deftroy  animal  life  ; but  the 
flrudlure  of  the  lungs,  and  particularly  of  the  bronchial 
cells,  is  fo  admirably  contrived  by  th^  Author  of  Nature 

as 


as  fufficiently  to  guard  againft  this  injury,  in  an  atmofphere 
friendly  to  animal  life  ; and  it  is  well  known,  by  excluding 
the  common  air  of  the  atmoiphere  from  an  animal,  that 
death  foon  enfues. 

It  does  not  appear  that  Boerhaave  intended  to  make  a 
diftindion,  in  this  laft  objection,  between  a pure  and  an  im- 
pure atmofphere  ; and,  indeed,  if  the  air  only  ads  upon 
the  blood  in  the  lungs,  by  its  weight  and  preffure  without 
mixing  with  it,  the  purity  or  impurity  of  the  air  we  breathe, 
fihould  feem  to  be  a matter  of  indifference,  provided  its 
fpecific  gravity  was  not  materially  altered.  In  juftice, 
however,  to  the  memory  of  fo  illuftrious  a character,  it  is 
proper  to  mention  that  many  important  difcoveries,  familiar 
to  us,  concerning  the  properties  of  air,  and  its  various 
combinations  with  other  particles  of  matter,  were  altogether 
unknown  to  Boerhaave.  But,  at  this  time,  even  from  ex- 
perience, we  may,  with  fome  degree  of  propriety,  {peak 
of  the  noxious  effeds  of  impure  air  infufed  into  the  blood, 
and  circulating  in  the  animal  oeconomy. 

In  one  of  my  ledures  on  difeafes,  I had  occafion  to  dwell 
much  on  this  point.  In  the  fmall-pox,  for  inftance,  both 
in  the  natural  way,  and  by  inoculation,  I endeavoured  to 
fhew  that  the  unfriendly  ftimulus  producing  the  difeafe  mu  ft 
neceflarily  float  in  air  ; that  in  the  natural  way  it  is  chiefly 
received  by  the  lungs — but  in  inoculation  by  the  excretory 
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glands  of  the  fkin  : and  I endeavoured  to  account  for  the 
fecretion  of  the  variolous  matter  from  the  ftimulating  pro- 
perty of  this  noxious  air. 

It  is,  likewife,  well  known  not  only  to  medical  prac- 
titioners, but  to  moft  men,  that  the  putrid  effluvia  of  a lick 
chamber  may,  and  too  often  do  prove  fatal  to  thofe,  who 
are  either  compelled  by  duty,  or  induced  through  humanity, 
to  breathe  in  fo  impure  an  atmofphere.  If  this  be  allowed, 
can  we  doubt  the  rational  probability  of  the  admiffion  of 
the  atmofpheric  air  into  the  blood,  in  its  circulation  through 
the  lungs  ? It  would  be  tedious  to  enumerate  all  the  ob- 
jections which,  from  miftakes  and  prejudices,  have  been  ad- 
vanced againft  the  admiffion  of  the  atmofpheric  air  to 
the  heart,  by  means  of  the  lungs ; out  of  refpeCt,  however, 
to  the  efiablifhed  reputation  of  Dr.  Needham  we  fhall  take 
notice  of.  a few  more  difficulties  fet  forth  in  his  treatife 
De  Formats  Fcetu. 

For  his  firil  objection  he  quotes  high  and  learned  autho- 
rities, “ that  the  pulfation  of  the  heart  does  not  exaCtly 
“ correfpond  with  refpiration  and  this  I believe  has 
hitherto  been  regarded  by  many  as  an  inffirmountable  dif- 
ficulty. We  readily  admit  the  faCt ; it  is  well  known,  in 

* Certe  magni  momenti  efl  illud  Highmoro-Boyiianum , nempe  quod  pulfus  refpiratiom 
non  accurate  refpondet — adeo  ut,  five  fyftole,  five  diaftole  recipiatur,  neutra  infpirationi 
fynchronica  e(l?  fed  aliam  prorfus  motuurn  fuorum  proportionem  obfervant. 
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the  adion  of  diving,  for  inftance,  and  by  other  experi- 
ments, that  the  circulation  may  uninterruptedly  continue 
for  many  feconds,  including  at  leaf!:  an  equal  number  of 
pulfations,  although  refpiration  be  fufpended  : nor  is  it  ne- 
ceflary,  according  to  our  theory,  for  pulfation  to  be  fyn- 
chronous , or  exactly  correfpondent  in  time  with  refpiration ; 
for  we  do  not  confider  refpiration  as  the  firfb  caufe  of  pul- 
fation, though  it  be  eflentially  neceflary  to  its  continuance 
after  the  birth  of  an  animal ; and  had  not  the  Author  of 
Nature  been  thus  provident,  our  corporeal  tenement  would 
be  more  brittle  than  it  is* 

This  objedion,  therefore,  does  not,  in  the  leaft,  aft'ed 
our  principles — it  is  by  the  power  of  Vital  Air  that  we  pre- 
fume the  circulation  of  the  blood  is  regularly  and  uniformly 
maintained  ; and  we  regard  the  lungs  of  an  animal  only  as 
one  order  of  excretory  glands,  by  which  a juft  and  adequate 
portion  of  the  cooler  and  heavier  air  of  the  atmofphere  is 
conftantly  received  into  the  blood,  and  the  lighter  air  of 
the  body  as  regularly  difcharged  ; for  we  mean  to  contend 
that  a fimilar  operation  takes  place  by  the  excretory  glands 
of  the  fkin ; and  there  are  alfo  other  channels  by  which 
an  heavier  air  is  occafionally  introduced  into  the  circulating 
fluids,  which  we  fhall  fpeak  of  in  the  proper  place. 

i ' x • lx  ; ■ 4 i j.  " 

Thus  we  fhall  endeavour  to  make  it  appear  that  animal 
bodies  are  amply  provided  with  the  means  by  which  a cooler 

and 
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and  heavier  air  than  that  exifdng  in  them  is  continually  ad- 
mitted, in  order  to  fupport  the  fpring  and  power  peculiar 
to  Vital  Air ; and  thereby  to  maintain  that  proper  ftandard 
necefTary  to  life  itfelf,  not  only  in  the  human  fpecies,  but 
throughout  the  whole  animal  creation  : for  the  fpring  and 
power  of  Vital  Air  we  prefume  to  be  different,  in  different 
animals : hence,  we  may  rationally  account  for  the  degrees 
of  heat  proper  to  animal  life,  in  the  various  orders  of 
animated  beings ; and  alfo  for  their  exifting,  feme  in  warmer 
or  dryer,  others  in  colder,  or  more  humid  atmofpheres ; 
yet  all  according  to  the  general  law  of  our  omnifeient 
Creator  ; and  this  law  appears  to  us  to  be  that  of  the  at- 
mospheric air,  proper  to  each  diftindl  order  of  animated 
beings,  being  fomewhat  colder,  and  heavier  than  their  own 
vital  air.  Thefe  remarks  may  perhaps  be  pleating  to  thofe 
acquainted  with  the  ufe  of  the  air-pump,  and  to  enlarge 
farther  on  this  point  would  be  foreign  to  our  prefent  defign, 
and  altogether  fuperfluous ; for  beginning  with  the  lower 
orders  of  animated  beings,  proceeding  experimentally  and 
gradually  amending  to  the  moft  animated,  the  rule  feems  to 
be  univerfal  *. 

Da.  N eedham  alfo  obferves,  {C  the  atmofpheric  air 
tc  cannot  be  admitted  to  the  heart  by  means  of  the  lungs, 
“ in  many  animals,  becaufe  they  have  no  lungs.”  Wc  cer- 
tainly fhail  not  attempt  to  prove  air  may  pals  through  the 

* For  farther  information  on  this  fubjedfc,  vide  note,  p.  27  & 28.  chap.  1. 
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lungs  of  animals  that  have  none,  and  readily  grant  the 
Doctor  every  thing  he  could  wifh  in  this  argument — except 
the  conclujion : for  it  is  univerfally  allowed  that  the  animals 
alluded  to  have  velicles  for  the  reception  of  the  atmofpheric 
air,  through  which  it  may  be  tranfmitted  to  the  circulating 
fluids.  Whether  fuch  cells  be  termed  lungs  or  not,  or  in 
whatever  part  of  the  body  they  may  be  placed,  is  to  us  al- 
together a matter  of  indifference  : fo  that  a communication 
between  the  atmofpheric  and  vital  air  be  conftantly  main- 
tained, ’tis  all  we  afk ; and  without  this  communication  we 
can  prove  animal  lire  cannot  be  fupported.  This  objection, 
therefore,  appears  to  be  nothing  more  than  a fcholaftic 
quibble  ; and  what  has  been  advanced  will  perhaps  be  re- 
ceived as  a direct  anfvver  to  his  obfervations  concerning  birds  ; 
lince  experiments  on  the  air-pump  fufficiently  convince  us, 
that  the  plumed  race  are  equally  dependent  upon  a conftant 
fupply  of  atmofpheric  air  for  their  exigence,  with  every 
other  animated  being. 

The  whole  of  Dr.  Needham’s  difficulties  refpedting  fifhes 
are  eaiily  and  readily  to  be  folved,  by  attending  to  the  ex- 
planation of  our  13th  principle;  which  (hews  motion  and 
heat  to  be  relatively  dependent  on  each  other  : we  fhall  not, 
therefore,  enter  into  his  detail,  Iince  it  is  well  known  that 
the  inhabitants  of  the  waters  require  a change  of  air  in  com- 
mon witn  other  animals,  although  they  are  capable  of  ex- 
iting in  a lefs  claftic  atmofphere  than  that  we  breathe;  lefs 
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elaftic,  oa  account  of  the  air  being  rendered  more  humid  by 
the  water.  But  when  water  is  put  into  brifk  motion  the 
air  becomes  more  elaftic,  and  vve  then  obferve  diftind 
globules  of  air,  and  that  each  globule  is  inclofed  within 
its  proper  tunic  formed  of  the  water,  in  like  manner  as  when 
heat  is  applied  ; and  we  may  farther  take  notice,  that  when 
the  bubble  burfts,  this  elaftic  air  efcapes : when,  therefore, 
we  con  fid  er  the  formation  of  the  mouth  and  the  gills  of 
fifties,  and  their  uses,  can  we  be  at  a lofs  to  imagine  how 
the  generality  of  fifties  are  conftantly  fupplied  with  a colder 
and  heavier  air  than  that  exifting  in  their  own  bodies  ? — and 
we  may  reft  affured  that  the  Author  of  Nature  has  not 
neglected  thofe  which  poflefs  little  or  no  loco-motive  power, 
fince  he  has  fo  wonderfully  difplayed  his  wifdom  in  thus 
providing  for  the  fuperior  inhabitants  of  the  watry  region. 

Having  thus  anfwered  every  objedion  of  the  learned 
Dr.  Needham,  which  appears  to  make  againft  our  opinions, 
we  fhall  obferve,  that  from  many  experiments  exhibited  in 
fupport  of  our  principles,  other  arguments  may  be  drawn 
in  favour  of  the  admifiion  of  the  atmofpheric  air  into  the 
circulation  of  our  fluids ; and,  when  we  come  to  fpeak  of  the 
laws  of  refpiration,  we  have  yet  farther  proofs  in  referve, 
that  more  immediately  appertain  to  the  mechanical  con- 
ftrudion  of  the  lungs  themfelves. 


Let 
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Let  us  now  return  to  the  immortal  Harvey,  who, 
reafoning  on  the  motion  of  the  blood,  takes  particular 
notice  that  the  beating  veficle,  as  alfo  the  auricle  of  the 
heart  when  completely  formed,  whence  pulfation  begins, 
is  irritated  to  the  motion  of  contraction  by  the  diftending 
of  the  blood  * : and  fpeaking  of  the  caufe  of  its  diftenfion, 
he  fays  the  diafiole  is  made  by  the  blood  fwelling  up,  as  it 
by  an  internal  fpirit  -f : from  whence  he  draws  this  con- 
clufion,  that  the  opinion  of  Ariftotle  concerning  the  pul- 
fation of  the  heart,  happening  after  the  manner  of  ebullition, 
is  in  fome  meafure  true  f : and  my  great  oracle  farther 
adds,  “ that  which  we  daily  behold  in  milk  heated  by  fire, 
“ and  in  the  fermentation  of  beer,  the  fame  happens  in  the 
<c  pulfation  of  the  heart  §.”  In  confirmation  of  this 
affertion  of  the  illuftrious  Harvey,  we  have  fully  proved,  by 
experiments  j|,  that  thefe  e fie  els  are  produced  by  the  power 
of  the  air  contained  in  thofe  fluids. 

* Certumque  eft  veficulam  didlam,  ut  et  cordis  auriculam  poftea,  unde  puUatio  primum 
incipit,  a diftendente  fanguine  ad  conftricftionis  motum  irritari. 

f Fit,  inquam,  diaftole  a fanguine  ab  interno  quafi  fpiritu  intumefeente. 

J Adeoque  Ariftotelis  fententia  de  pulfatione  cordis  (fieri  ea m?  fcilicetj  ad  modum  ebulli- 
tionis)  aliquatenus  vera  eft. 

§ Quod  enim  in  ladle  ab  igne  calefacto  et  cervifiae  noftrse  fermentatione  quotidie 
cernimus,  idem  etiam  in  pulfu  cordis  ufu  venit. 

|j  Vide  Principle  14,  &c. 
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This  leads  me  to  take  notice  of  one  more  objection  againft 
the  admiftion  of  the  atmofpheric  air  into  the  circulation  of 
our  fluids,  on  which  the  followers  of  Boerhaave,  who  place 
their  faith  in  animal  fpirits,  feem  greatly  to  depend : namely, 
that  the  air  within  us  is  always  in  equilibrium  with  the  air 
without  us  ; and  confequently,  they  fay,  the  prefiure  of 
the  atmofphere  can  neither  promote,  nor  retard,  the  con- 
traction of  the  thorax,  nor  the  dilatation  of  the  heart ; and 
thofe  bewitching  fpirits  would  not  fuffer  them  to  confider 
the  poflibility  ot  the  atmofpheric  air  reaching  the  heart,  by 
• means  of  the  lungs ; nor  the  encreafed  power  of  that  air, 
rarefied  by  heat,  and,  in  a circulating  current,  confined 
within  tubes. 

That  there  mu  ft  be  a juft  balance  continually  preferved 
between  the  atmofpheric  air,  and  that  circulating  in  an  ani- 
mal body,  in  order  to  preferve  life,  I could  readily  aflent 
to  : but  as  the  technical  term  equilibrium  is  derived  from  the 
Latin  (eguus , equal,  and  libra->  weight ; if  the  expreffion 
be  thus  ufed,  to  fhew,  that  a given  quantity  of  air  within 
an  animal  is  equal  fpecifically  in  weight  to  the  fame  quan- 
tity of  atmofpheric  air,  the  argument  is  altogether  falla- 
cious. The  contrary  has  fufficiently  been  proved  by  experi- 
ments ; and  the  matter  of  faff  is  at  this  time,  I believe,  well 
known  to  philofophic  men. 


The 
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The  numerous  proofs  exhibited  in  fupport  of  our  princi- 
ples fully  authorifed  me  to  explode  this  idea  ; and  when  we 
reflect  on  the  encreafed  power  of  air,  rarefied  by  animal 
heat,  and  circulating  in  the  vafcular  fyffem,  and  take  into 
confideration  the  external  coverings  of  animal  bodies  — 
can  we  be  at  a lofs  to  preferve  the  equilibrium  neceffary 
to  life,  between  vital  air,  and  the  furreunding  atmofphere  ? — 
— No  more,  than  to  balance  any  given  weight,  by  regu- 
lating the  powers  of  the  fleel-yard  ; or  to  account  for  the 
mechanical  operation  of  the  fire-engine  : hence,  reafon  and 
reflection  founded  on  experiments,  in  my  mind,  at  leaf!:,  ' 
quieted  thofe  perturbed  fpirits,  and  conflgned  them  peace- 
ably to  the  tomb  of  oblivion. 

The  magic  fpell  thus  broken,  I found  myfelf  at  liberty 
not  only  to  purfue  the  operations  of  refpiration,  and  the 
circulation  of  the  blood,  but  to  follow  the  digeftive  facul- 
ties, the  reception  of  the  chyle  into  the  blood,  and  the  nu- 
merous glandular  fecretions  for  the  purpofe  of  nutrition, 
together  with  the  difcharges  of  excrementitious  particles  or 
matter  from  the  animal  ceconomy  : throughout  the  whole 
of  thele  refearches,  I had  the  fatisfaftion  to  find  that  air,  the 
firft  caufe  of  motion  in  animal  life,  continued  to  aft  in  the 
produftion  of  all  the  various  effefts,  neceflary  to  the  main- 
tenance and  fupport  of  life  itfelf.  I could  not  then  but 
yield  my  rational  affent  to  the  truth  of  this  theory ; 
which  led  me,  with  profound  reverence,  to  contemplate  the 

E wifdorn 
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wifdom  of  the  Author  of  Nature  ; and,  admiring  the  fim- 
plicity  of  the  means  made  ufe  of  in  all  the  wonderful  ope- 
rations of  an  animal  body,  to  attempt  to  prove,  by  experi- 
mental philofophy,  that  air  is  the  primary  agent  in  animal 
life. 

The  arguments  already  ufed,  to  obviate  the  moft  ma- 
terial objedions  againft  the  admiffion  of  the  atmofpheric 
air  into  the  circulating  fluids  of  an  animal,  may  perhaps 
induce  forne  to  think  with  us  it  is  highly  probable  that  this 
air  is  received  into  animal  bodies ; yet,  we  wifh  fuch  readers 
not  to  fall  in  with  the  p refen t opinions  too  haftily,  and  cau- 
tion others  againft  condemning  them  too  raftily ; and  that 
no  one  may  inadvertently  be  milled,  we  fhall  make  a few 
remarks  upon  the  whole  that  has  been  advanced. 

Although  we  have  fhewn  air  does  actually  exift  in  the 
blood,  and  likewile  in  the  medullary  fubftance  of  the  brain, 
thofe  experiments  were  not  intended  to  prove  any  thing 
farther  ; they  cannot  convince  us  that  this  air  was  in  an  ac- 
tive ftate  in  the  living  body.  The  fame  thing  is  to  be 
obferved  with  regard  to  the  experiments  on  the  hearts  of 
fome  animals  when  feparated  from  the  body  ; for  if  the 
fpring  and  weight  of  the  atmofpheric  air,  as  we  believe,  is 
the  fir  ft  caufe  of  the  regular  and  forcible  motion  of  the 
heart  in  this  detached  ftate,  we  are  not  authorifed  to  con- 
clude, from  thence,  that  air  is  the  firft  caufe  of  animal 

motion. 
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motion.  We  wifli  it,  therefore,  to  be  fully  underftood,  it 
is  not  any  experiment,  fingly , nor  any  number  of  fuch  ex- 
periments, however  they  may  appear  to  ftrengthen  our  opi- 
nions, on  which  we  mean  to  build  our  new  dodtrine  con- 
cerning the  circulation  of  the  blood. 

To  comprehend  the  full  force  of  our  arguments,  the 
reader  muft  condefcend  to  examine  the  chain  of  principles 
fet  forth  in  the  Syllabus,  together  with  their  experimental 
proofs ; otherwife  he  cannot,  however  learned,  enter  with 
us  philofophically  into  this  fubjedt.  One  great  objedt  of  the 
courfe  of  Ledtures  was  to  endeavour  to  inveftigate  the 
fimple  elements  of  Pneumatics,  fo  far  at  leaft  as  they  might 
be  fuppofed  to  appertain  to  the  laws  of  animal  life.  We 
began  firft  with  confidering  air  as  matter,  and  fecondly  as  a 
fluid  ; we  then  pointed  out  its  peculiar  properties,  and  fet 
forth  how  it  differs  from  other  fluids  : we  afterwards  proved 
air  to  exift  in  all  bodies,  both  fluid  and  folid ; and  after 
fhewing  its  various  combinations  with  other  particles  of 
matter,  we  proceeded  to  explain  and  confirm,  by  experi- 
ments, the  effedts  of  heat  and  motion  on  the  air  exifting 
in  different  fluids  ; till,  at  length,  by  a regular  connection 
of  fimple  elements  we  arrived  at  a moral  certainty,  from 
the  degree  of  heat  and  motion  proper  to  animal  life,  that 
the  air  exifting  in  animal  fluids  muft  be  in  a rarefied  and 

• 

adtive  ftate.  We  then  {hewed  that  air,  in  this  rarefied  and 
adtive  ftate,  was  capable  of  producing  a circulation  in  a fluid 

confined 
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confined  in  a tube,  without  the  aid  of  re-adtion  of  the  tube 

itfelf- — from  whence  this  conclufion  feems  fairly  to  be  drawn, 
that  Vital  Air  is  endowed  with  power  fufficient  to  produce 

i 

a circulating  motion  in  the  fluids  contained  within  an  animal 
body.  On  this  bafis  our  definition  is  eftablifhed.  “ Air 
“ rarefied,  in  motion,  detained  in  animal  bodies  by  glan- 
cc  dular  fecretions,  or  circulating  with  the  fluids  in  the  vaf- 
,c  cular  fyflem,  permit  us  to  call  Vital  Air 

On  this  foundation  our  dodtrine  is  built ; and  from  the 
truth  of  it  all  our  arguments  derive  their  importance.  Other 
collateral  proofs  have  and  will  occafionally  be  advanced  in 
fupport  of  our  general  principles  ; as  fuch  we  confider  the 
experiments  on  the  blood  veflel  and  feme  others — for  many 
men  have  denied  the  exiftenee  of  air  in  the  blood  of  an 
animal ; it  was,  therefore,  incumbent  on  us  to  eftablifh  the 
fa&  : but  we  depend  on  our  principles  to  prove  the  activity 
and  power  of  this  air  in  the  living  body  ; and  fo  long  as 
our  Ample  elements  remain  unimpeached,  this  very  im- 
portant point  mult  neceflarily  be  admitted. 

I 

In  all  fubjedts  not  ftridtly  mathematical,  it  is  allowed, 
the  higheft  degree  of  proof  we  can  aim  at  is  that  of  rational 
probability ; for  inftance,  in  natural  philofophy,  it  will  be 
granted  that  fimilar  caufes  produce  flmilar  eftedts : by  this 

* Principle  33. 
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rule  then,  let  us  examine  the  prefent  do&rine.  We  have 
proved  by  a chain  of  experiments,  that  air  does  exifi  in 
animal  fluids  ; that  this  air  is  necejjfarily  in  a rarefied  and 
aElive  fiate , and  capable  of  giving  motion  to  fluids  that  are 
confined  within  tubes.  What  inference  is  to  be  drawn  from 
hence  ? — As  we  know  by  experience  that  a part  of  the 
fluids  is  continually  pa  fling  off  from  animal  bodies,  and 
confequently  a portion  of  this  rarefied  air  along  with  them, 
it  is  evident  that  animal  life  requires  a fupply  of  air.  This 
will  readily  be  admitted  : but,  perhaps,  it  may  be  urged  that 
this  fupply  is  derived  from  our  daily  aliments.  We  know 
that  a certain  portion  of  air,  fufficient  to  propel  the  chyle 
through  the  chyliferous  veffels  into  the  blood,  is  received  by 
means  of  our  nutriment,  as  we  fhall  explain  when  we  come 
to  fpeak  of  the  laws  of  digeftion  and  nutrition  : but  if  it 
be  faid  that  the  chyliferous  veffels  are  the  only  channels 
through  which  an  heavier  air  than  that  exifting  in  animal 
bodies  is  received — how  is  this  fupply  to  be  derived  in  times 
of  long  faffing  ? 

Besides,  we  know  that  air  is  rendered  lighter  by  taking 
away  a part,  and  of  courfe  weaker ; hence,  if  animals  did 
not  receive  a conflant  fupply  of  heavier  air,  in  proportion 
to  the  continual  wafte  of  vital  air,  the  regular  circulation 
of  fluids  could  not  long  be  fupported.  — This  argument 
fhews  the  neceffity  of  air  being  continually  admitted  into 
the  blood.  We  alfo  know  that  mufcular  motion,  the  cir- 
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filiation  of  the  fluids,  and  life  may  continue,  for  fome 
days,  without  meat  or  drink ; but  not  many  minutes,  if  the 
common  air  of  the  atmolphere  be  excluded  from  an 
animal. — Can  this  neceffary  fupply  of  air,  then,  be  effeded 
fo  regularly  and  uniformly,  by  any  other  means,  as  by  the 
conftant  admiffion  of  the  atmofpheric  air  into  the  blood  ?■ — 
And  as  we  have  farther  feen  that  a change  o i the  common 
air  of  the  atmcfphere,  as  well  as  its  being  cooler  and  heavier 
than  vital  air,  is  neceffary  to  the  continuance  of  life — is  it 
not  highly  probable  that  a change  of  air  naturally  takes 
place  within  the  body,  to  fupport  the  fpring  and  power  of 
Vital  Air  ? — From  our  Ample  elements,  therefore,  indepen- 
dent of  other  experiments,  are  we  not  authorifed  to  hope 
and  believe  we  have  arrived  at  a moral  certainty,  that  the 
cooler  and  heavier  air  of  the  atmofphere  is  continually  re- 
ceived into  animal  bodies,  to  produce  this  neceflary  change 
of  air,  and  thereby  to  preferve  that  ftandard  peculiar  to 
Vital  Air.? 

If  then  the  atmofpheric  air  be  admitted,  it  will,  perhaps, 
no  longer  be  difputed  that  the  lungs  are  among  the  num- 
ber of  channels  by  which  it  is  likely  to  enter  into  the  blood. 
This  is  all  we  need  contend  for  at  prefent,  for  we  fhall 
endeavour  to  fupport  our  conjectures,  as  to  the  manner  in 
which  the  cooler  and  heavier  air  is  received  into. animal 

bodies, 
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bodies,  and  the  lighter  air  difcharged,  in  order  to  fupport 
the  ftandard  of  Vital  Air,  when  w'e  come  to  fpeak  of 
the  laws  of  refpiration. 

H aving  thus  endeavoured  to  combat  the  Boerhaavean 
theory  of  the  circulation  of  the  blood,  which,  however 
ingenious,  was  by  no  means  fatisfaftory  to  me ; I (half  not 
farther  trouble  my  reader  with  the  opinions  of  other  men, 
but  endeavour  to  convey  my  own  thoughts  on  this  im- 
portant fubjedt,  with  clearnefs  and  precifion : but,  before 
we  fpeak  concerning  the  circulation  of  the  blood,  it  will 
be  proper  for  the  information  of  fame  readers,  not  pro- 
felTional  men,  and  not  already  informed,  to  enter  a little 
into  the  branch  of  anatomy,  fo  as  to  give  a defcriptive 
view  ot  the  form,  and  mechanical  condruclion  of  that 
mufcle  called  the  heart,  which  we  have  ftyled  the  centre  of 
motion  in  animal  life ; this  neceffity  will  be  received  as  an 
apology  to  them,  for  the  ufe  of  fome  technical  terms  ge- 
nerally applied  on  this  occaiion ; we  mean,  however,  to 
defcribe  the  heart  only  fo  far  as  to  convey  a clear  idea  of  it, 
confidered  as  a mechanical  agent  in  the  animal  (economy. 
It  will  be  unneceffary  to  enter  into  the  component  parts  of 
this  mufcle,  it  being  fufficient  for  our  purpofe  to  underhand 
it  pohefles  all  the  properties  of  a mufcle  ; which,  together 
with  its  peculiar  ftrudure  and  fituation,  enable  it  to  per- 
form its  hated  functions. 


The 
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The  heart  is  placed  in  the  middle  of  the  thorax,  between 
the  two  lobes  of  the  lungs ; it  is  inclofed  within  the  pericar- 
dium, which  may  be  considered  as  its  tunic,  or  outward 
coat ; a thin  limpid  fluid,  feparated  by  certain  glands,  is 
found  within  this  tunic  ; the  ufe  of  this  fluid,  as  allowed  by 
anatomifts,  is,  to  prevent  injuries  that  otherwife  might 
arife  from  fridtion,  in  the  addon  of  the  heart  itfelf. 

The  form  of  the  heart  approaches  to  that  of  an  inverted 
cone,  its  apex,  or  point,  being  at  the  bottom,  and  its  bafls 
at  the  upper  end  ; it  is  rather  inclined  to  the  left-fide, 
whereby  the  right  auricle  is  placed  a little  lower  than  the 
left ; this  inclination  is  rationally  accounted  for,  viz.  to  fa- 
cilitate the  circulation  of  the  blood  throughout  the  animal 

\ ■ . p .■  / ■ ' hfrcy’-ll 

(Economy. 

The  heart  of  an  animal  may  properly  be  defcribed  as  the 
turning  point  of  a reflex  tube,  the  blood  entering  in  at  the 
right  auricle,  from  the  two  vena  cava’s,  and  palling  out  at 
the  left  ventricle  into  the  aorta : and,  having  already  pre- 
mi  fed  that  the  blood  muft  necefiarily  be  brought  to  the 
heart,  before  it  can  be  difcharged,  we  fhall  follow  other 
authors  in  defending  the  courfe  of  the  circulation. 

The  vena  cava  afeendens,  and  defeendens,  which  bring 
the  returning  blood  to  the  heart,  unite  in  the  right  auricle, 

where 
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where  they  empty  thenifelves,  and  the  blood,  by  the  ordi- 
nary courfe  of  the  circulation,  runs  into  the  right  ventricle; 
at  the  mouth  of  which  there  is  a proper  valve,  to  prevent 
its  return  into  the  auricle  ; from  the  right  ventricle,  it  pro- 
ceeds to  the  pulmonary  artery,  at  the  entrance  of  which 
there  is  another  valve,  aptly  contrived,  to  prevent  its  return 
the  blood  is  now  diftributed  throughout  the  lungs,  by 

• * • ' . *1 

means  of  the  branches  of  the  pulmonary  artery,  and  it  is 
conveyed  again  immediately  to  the  heart,  by  the  branches 
of  the  pulmonary  veins : thefe  veins  enter  at  the  left  auricle, 
from  whence  the  blood  is  conveyed  into  the  left  ventricle, 
and  by  a proper  valve  prevented  from  returning  ; from  the 
left  ventricle  it  is  again  pufhed  forward  into  the  aorta,  or 
great  artery,  to  perform  a new  circulation  throughout  the 
arterial  and  venal  lyftem  ; at  the  entrance  of  the  aorta  there 
is  alfo  another  proper  flop  to  prevent  the  return  of  the 
blood  into  the  left  ventricle. 

» * t *>  r.  - t i 
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I have  endeavoured  to  defcribe  this  compound  me- 
chanical agent  in  terms  the  moft  fimple;  if,  however,  a 
clear  idea  be  conveyed  of  the  conftrudion  of  the  heart, 
to  thofe  who  have  not  made  anatomy  their  fludy,  my  in- 
tention is  fully  anfwered. 

On  this  occasion  it  is  obvious  to  remark  the  importance 
of  the  lungs  in  the  animal  ceconomy ; we  perceive  that  the 
blood  every  time  it  is  returned  to  the  heart,  is  dire&ly  dif- 
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perfed  throughout  the  lungs,  and  immediately  reconveyed  to 
the  heart,  before  it  is  permitted  to  begin  a new  circulation  : I 
may  add,  before  it  is’capable  of  performing  a new  circulation  : 
for  had  there  been  no  real  necellity,  we  may  boldly  aiTert, 
this  operation  of  its  palling  through  the  lungs  would  never 
have  taken  place. 

The  world  are  indebted  to  anatomical  refearches  for  the 
difcovery  of  this  very  peculiar  circumftance  attending  the 
circulation  of  the  blood  ; and  the  matter  of  fad  is  all  we 
have  occalion  to  inlift  upon. 

In  the  ftudy  of  Nature,  throughout  all  her  works,  how- 
ever complex  the  machine,  the  limplicity  of  the  mechanical 
powers  claims  the  lirft  attention  of  a lpeculative  mind ; 
this  obfervation  is  beautifully  illuftrated  on  the  prefent  oc- 
calion ; and  I believe  it  will  be  admitted  by  every  one  that 
the  blood,  after  having  performed  one  round  throughout 
the  animal  ceconomy,  undergoes  forne  new  and  important 
change,  in  its  tranlit  through  the  lungs,  eftentially  requilite 
to  fupport  a fecond  circulation. 

What  this  important  change  is,  has  been  the  fubjed  of 
this  enquiry,  and  were  it  neceffary  to  prejudice  the 
reader  by  the  opinions  of  other  men,  I could  here  quote 
fome  very  refpedable  authorities,  belides  the  great  Borelli 
already  mentioned,  that  have  fuppofed  it  probable,  at  leaft, 
for  a part  of  the  air,  received  into  the  velicles  of  the  bron- 
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chia,  to  mix  and  unite  with  the  blood  ; but  opinions,  how- 
ever refpectable,  unfupported  by  fadts,  are  not  to  be  ad- 
mitted ; the  prefent  do&rine  mull  Hand  or  fall  by  the  balance 
of  probability,  founded  on  the  experimental  proofs  which  we 
have  advanced.  - 

A New  Theory  of  the  Circulation  of  the  Blood. 

r ' . £ . * 7 . '■  . " ■ ■ 

We  regard  vital  Air  as  the  firft  material  caufe  of 
motion  in  animal  life. 

We  prefume  the  proper  Aandard  of  vital  air  was  fixed, 
by  the  Author  of  Nature,  at  the  time  of  the  creation. 

From  experimental  philofophy  it  appears  highly  pro- 
bable, that  the  atmofpheric  air  is  the  natural  means  of  fup- 
porting  the  ftandard  of  vital  air,  not  only  in  man,  but 
in  all  other  animals. 

The  heart  we  have  confidcred  as  the  centre  of  motion 
in  animal  life. 

I 

It  is  allowed,  that  the  atmofpheric  air  is  received  into 
the  veficles  of  the  bronchia,  in  the  adt  of  infpiration : and, 
as  the  lighter  air  is  difcharged  from  the  body,  together  with 
other  excrementitious  fluids,  by  expiration ; we  prefume  the 
atmofpheric  air,  at  this  time,  prefleth  into  the  pulmonary 
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veins ; and,  incorporating  with  the  venal  blood,  accompanies 
it  in  its  return  to  the  left  auricle  of  the  heart. 

The  lungs,  then,  we  regard  as  one  of  the  channels 
appointed  by  our  Creator  for  admitting  the  atmofpheric  air, 
to  fupport  the  Ipring  and  power  of  vital  air  *. 

Not  only  the  heart  itfelf,  but  the  arterial  tubes  are  com- 
pofed  of  mufcular  fibres ; and  it  is  admitted  univerfally, 
that  a mufcular  fubftance  poflefleth  the  power  of  contraction. 
We  prefume,  therefore,  the  re-adtion  of  the  tubes  is  the 
fecondary  caufe  of  motion  in  animal  life,  afixfting  the  pro- 
pelling force  of  vital  air  to  produce  that  complete 
motion  termed  pulfation,  by  which  the  blood  is  propelled 
through  the  heart  and  through  the  whole  of  the  arterial 
fy fie m ; and,  if  there  be  no  re-adion  in  the  venal  tubes, 
the  blood  is  returned  through  them  to  the  heart  again  by  the 
power  of  Vital  Air. 

But,  the  Author  oi  Nature  has  moil  providentially 
guarded  animal  life,  by  caufing  an  operation,  nearly  fimilar 
to  that  carried  on  by  the  lungs,  to  take  place  by  means  of 
the  excretory  glands  of  the  ikin.  Here  too,  a certain 

* When  we  come  mechanically  to  confider  the  laws  of  refpiration,  we  hope  to  be 
able  to  explain  how  the  atmofpheric  air  preffeth  into  the  pulmonary  veins. 

f The  re-affion  of  the  vafcular  fyflewi  appears  to  be  dependent  on  the  nerves,  but  in 

our  ledkires  we  endeavoured  to  fhew,  that  the  nerves  themfe'ves  were  primarily  indebted 
to  vital  air  for  their  power. 
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portion  of  vital  air  is  continually  palling  off,  together  with 
other  excrementitious  fluids ; and  the  heavier  air  of  the 
atmofphere  as  conftantly  prefieth  into  animal  bodies  through 
the  fame  channels,  to  fupply  the  place  of  what  is  thus  dif- 
charged,  and  to  give  an  additional  force  to  vital  air,  in 
order  to  recondud  the  blood  regularly  and  uniformly  to 
the  centre  of  motion. 

How  admirably  fwiple  are  the  means  by  which  this  firft 
grand  operation  in  animal  life  appears  to  be  performed  ! — 
And  the  familiar  inftances  that  may  be  called  to  mind,  in  the 
ufe  of  mechanical  * Powers  obtained  by  human  invention, 
fupport  the  probability  of  our  mode  of  reafoning  : if,  then, 
we  may  dare  to  mention  the  wifdom  of  Omnipotence, 
in  the  formation  of  man  and  other  animals,  we  have  reafon 
to  think  the  Author  of  Nature  has  difpofed  and  arranged 
the  particles  of  matter,  fo  that  throughout  life  the  fame 
firft  material  caufe  of  motion,  Vital  Air,  fhould  invariably 
produce  the  fame  effed  ; and  alfo  that  its  fpring  and  power 
fhould  as  conftantly  be  maintained  by  the  common  air  of 
the  atmofphere. 

The  little  fparrow  on  the  houfe-top,  has  a natural  com- 
mon right  to  the  atmofpheric  air,  equally  with  the  great 

* / ' 

* The  pump,  ventilator,  fire-engine,  pulfe-glafs,  &c.  &c. — By  the  pulfe-glafs  it 
is  dearly  proved  that  air,  rarefied  by  heat,  is  capable  of  giving  motion  to  fluids  confined  in 
tubes.  __ 
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Lord  that  inhabits  the  {lately  manfion  : place  this  fmall 
bird  under  a receiver,  and  exhauft  the  atmofpheric  air, 
then  vital  air  will  boon  lobe  its  bpring  and  power,  the  blood 
will  ceale  to  circulate,  and  death  hollows — Exclude  the 
external  atmobphere,  and  thereby  cut  off  the  common 
tenure  ob  libe  brom  man,  and  like  the  diminutive  {narrow, 
he  too  muft  ball  to  the  mound. 

O 

It  is  with  peculiar  fatisfadlion,  I am  now  enabled  to 
{peak  to  the  oppofite  opinions  ob  two  buch  great  men  as 
Harvey  and  Boerhaave.  The  proobs  produced  by  both  are 
admitted,  dibcarding  only  their  imaginary  agents,  as  we 
have  bhewn  experimentally  that  vital  air  is  the  firft  caube  ob 
animal  motion.  We  allow  a propelling  power  exifting  in 
the  blood,  and  albo  the  power  ob  re-adtion  of  the  arterial 
tubes  : and  have  endeavoured  to  prove  that  both  thebe 
powers  contribute  to  the  circulation  : by  thus  uniting  their 
opinions  we  have  formed  our  own  theory  ; and,  perhaps, 
reconciled  their  feeming  contradictions. 

We  want  no  imaginary  agents  in  the  blood  itfelf;  no 
animal  bpirits,  nor  antagonift  mubcles,  for  the  heart  or  the 
arteries ; we  may  plainly  perceive,  the  heavier  air  of  the  at- 
inobphere  is  momentarily  admitted  to  maintain  the  fiandard 
of  vital  air,  which  gives  motion  to  the  blood,  and  producs 
that  fwell  in  the  heart,  difeovered  by  Dr.  Harvey,  termed 
its  diaftole  ; and,  likewibe,  that  the  re-a&ion  of  the  mubcular 

fibres 
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fibres  caufeth  the  contraction  ingenioujly  accounted  for  by 
Dr.  Boerhaave , called  its  lyltole ; which,  together  make 
up  that  complete  motion  termed  puliation,  the  object  of  our 
prelent  inquiry : — but,  hence-forth,  if  our  principles  be 
received,  let  this  mechanical  operation  be  known  by  the 

more  familiar,  yet  not  lefs  exprellive  terms  of  Action  and 

R E-ACTION. 


End  of  the  Second  Chapter. 
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PREFACE. 

AS  it  would  appear  remifs  to  pafs  over  in  filence  the 
particular  folicitations  I have  been  honoured  with 
from  many  gentlemen,  fpeedily  to  publifh  the  re- 
maining part  of  thefe  Inquiries,  it  is  incumbent  on  me  to 
make  a refpectful  apology  to  them  for  delaying  the  Third 
Chapter  till  now. 

I can  with  truth  fay,  that  a clofe  attention  to  the  duties  of 
my  profefllon,  joined  to  the  fatigue  of  fluey  in  hours  of 
retirement,  rendered  fome  degree  of  relaxation  altogether 
neceflary  to  my  health  ; and  it  is  v/ell  known  that  but  little 
advantage,  in  the  application  of  the  laws  of  pneumatics  to 
fluid  bodies,  can  be  derived  from  books,  to  aflift  me  in  thefe 
{peculations  : I hope,  therefore,  not  only  to  ftand  excufed 
in  the  opinion  of  my  friends  for  the  prefent  delay  ; but 
alfo  to  claim  the  farther  indulgence  oi  time ; to  render  what 
may  hereafter  appear,  in  fome  fmall  degree  worthy  their 
conflderation. 

On  my  own  account  this  unavoidable  procraftination  is 
altogether  a matter  of  indifference,  as  I have  not  the  moft 
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diftant  view  of  emolument  from  thefe  publications.  The 
object  with  me  is  that  of  my  leifure  time  being  rationally 
filled  up  : for,  fhould  the  maxims  be  found  true,  I am 
fully  perfuaded  it  is  the  riling  generation  will  be  chiefly  be- 
nefited ; and  though  my  opinions  have  been  favoured  with 
the  approbation  of  fome  learned  men,  they  are  ever  with 
diffidence  fubmitted  to  the  public  ; yet,  without  fear  of  their 
fujfering  by  any  illiberal  attack,  open  or  difguiled. 

The  anonymous  Author  of  obfervations  on  my  two 
former  Chapters  and  enlarged  Syllabus,  who  thought  pro- 
per to  dedicate  and  fend  his  little  pamphlet  to  me,  cannot 
I think  ferioufly  expect  any  notice  to  be  taken  of  it  in  this 
chapter,  though  he  is  pleafed  to  fay  it  would  afford  him  the 

highejl  fatisfaSiion.  It  is  not  my  intention  to  reply  to  any 
publication  to  which  the  writer  does  not  put  his  name ; 
but,  if  this  gentleman  continues  to  be  pleafed  with  his  own 
performance,  he  may  reft  allured  I am  not  offended  at  the 
rudenefs  of  his  remarks ; and  that  I really  believe  he  fpeaks 
the  truth  in  faying  he  has  learnt  nothing  from  my 

enlarged  Syllabus. 
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PHILOSOPHICAL  INQUIRIES 
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CHAPTER  the  THIRD. 

WH  E N a Philofophical  Subject  admits  not  of  ocular 
demonftration,  we  mull  have  recourfe  to  reafon  ; 
and  on  many  other  occasions,  as  well  as  the  pre- 
fent,  clofe  reafoning  founded  on  experiments,  and  the  ge- 
neral operations  of  Nature,  as  eftablifhed  data,  is  equally 
conclusive,  and  perhaps  as  fatisfa&ory  as  mathematical  de- 
monftration.  We  Shall,  therefore,  endeavour  by  fair  ar- 
guments to  apply  our  principles,  that  are  Supported  by  ex- 
periments, to  certain  phenomena  in  Nature.  Two  great 
obftacles,  however,  may  prevent  fuccefs ; the  difficulty 
of  clearly,  and  with  propriety,  arranging  my  own  ideas; 
fccondly , the  talk  of  conveying  them  concifely  and  forcibly  to 

B others. 
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others.  The  candid  and  informed  Reader  will  make  great 
allowances,  and  may  probably  be  able  to  fupply  my  de- 
feds  ; but  I am  fearful  left;  fome  fhould  continue  to  complain 
of  ambiguity*  for  want  of  being  fufficiently  acquainted  with 
the  experimental  proofs  and  principles  I proceed  upon ; for 
which  reafon  a part  of  what  follows  has  been  taken  from 
my  notes  for  the  information  of  fuch  gentlemen  as  were  not 
prefent  at  the  lectures  in  which  the  principles  were  explained. 
It  fhould,  however,  be  remembered,  that  I am  not  at  this 
time  teaching  the  elements  of  philofophy,  but  humbly  fub- 
mitting  my  thoughts  to  the  contemplation  of  learned  and’ 
philofophic  men ; and  it  is  to  be  hoped  they  will  excufe  my 
errors  and  pardon  my  miftakes. 

Should  we  be  fortunate  enough,  by  arguments  drawn, 
from  experiments,  and  in  conformity  to  the  general  laws  of 
Nature,  to  make  it  amount  to  a high  degree  of  rational 
probability  that  the  atmofpheric  air  is  conftantly  prefling 
into  animal  bodies  by  the  lungs,  and  that  the  lighter  air  is 
as  conftantly  difeharged  from  the  body  by  the  fame  means, 
it  is  all  we  aim  at  in  phyfiological  reafoning.  Did  the  fub- 
jed  admit  of  ocular  demonftration,  argument  would  become 
unneceftary,  and  controverfy  would  ceafe  ; it  would  then  be 
the  province  of  the  anatomift  to  exhibit  the  channels  of  com- 
munication : but  as  the  moft  curious  anatomical  refearches 
have  hitherto  failed  in  point  of  adual  proof,  we  mu  ft  depend 
upon  reafon  for  our  prefent  guide,  which  may  perhaps  aftift 

the 


the  diligent  anatomift  in  his  farther  purfuits;  nor  am  I alto- 
gether without  hope  of  future  fuccefs. 

While  we  are  truly  grateful  for  the  little  we  do  know, 
we  have  to  lament  that  man’s  fenfes  are  too  imperfect  fully 
to  comprehend  the  fecret  and  wonderful  operations  of  Na- 
ture. We  talk  of  matter,  very  familiarly,  and  though  fome 
of  its  properties  we  may  be  acquainted  with,  yet  the  moft 
learned  knows  only  fo  much  as  ought  to  humble  him  in  his 
own  opinion — What  rational  idea  has  any  man  of  uncom- 
pounded matter  ? We  fpeak  of  caufes  and  effects : — they  are 
terms  to  which  by  common  confent  ide'as  are  affixed,  and 
lo  far  they  anfwer  the  purpofe  of  man  eonverfing  with  man. 
But  who  will  difcover  to  me  a caufe  that  is  not  itfelf  an  ef- 
fect proceeding  from  fome  other  caufe  ? And  if  we  attempt 
to  purfue  this  idea  beyond  material  agents  j that  is , beyond 
the  reach  of  our  fenfes ; we  are  immediately  loft  in  the  re- 
gions of  fancy  : there  is  not  a lingle  conductor  to  lead  man 
one  ftep  forwards,  except  indeed  he  proceeds  at  once  to  the 
firft  great  cause  ol  all  natural  eftedts. 

From  this  humble  confideration  I dared  not  to  truft  my- 
felf  beyond  the  fcanty  limits  of  fenfe,  and  therefore  drew 
the  line  by  ftyling  Vital  Air  the  firft  material  caufe  of  mo- 
tion in  animal  life — no  prior  caufe  being  evident  to  the 
fenfes. 
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Much  has  been  written  by  ftudious  and  learned  men  con- 
cerning heat  and  cold ; but.,  though  we  may  be  acquainted 
with  fome  of  their  effects,  are  they  any  thing  more  than 
relative  terms  ?— Who  will  explain  to  me  the  ultimate  power 
of  heat  ? — or  point  out  the  extreme  degree  of  cold  where 
there  is  abfolutely  no  heat  ? 

The  wifeft  men  have  found  it  equally  difficult  to  explain 
their  ideas  concerning  motion  and  reft.  Familiar  as  thefe 
terms  appear  to  be,  and  are  thought  to  be  under  flood, 
they  do  not  convey  abfolute  flgniflcations.  Where  is 
abfolute  reft  to  be  found  in  bodies  ? — Motion  appears 
to  be  altogether  neceffary  for  the  maintenance  and  flip- 
py it  of  every  thing  in  this  world.  The  forms  of  bodies 
cannot  be  produced ; they  cannot  be  fupported ; nor  can 
they  be  diftblved  without  the  help  of  motion.  Yet,  thus 
much  we  may  depend  upon,  that  natural  effeSls  of  the  fame 
kind  have  the  fame  caufes . According  to  this  Ample  rule 
laid  down  by  the  great  Newton,  we  fhall  purfue  our  in- 
quiries. 

That  all  fpace  in  and  about  this  earth  is  Ailed  with  air, 
will  not  at  this  day,  I believe,  be  denied  : but,  fpeaking  of 
it  as  a diftindt  element  of  matter,  what  is  air  ?— The  phi— 
lofopher  will  reply,  he  knows  not.-^But  this  we  do  know, 
that  air  exifts  in  all  matter,  and  that  all  bodies  may  be  ren=- 
dered  fo  minutely  diviftble  as  to  float  in  air  ; nor  can  we,  by 

any 


C 9 J 

any  known  procefs,  obtain  air  uncompounded  and  free  from 
other  particles  of  matter.  The  world  are  infinitely  indebted 
to  many  ingenious  men  whole  labours  have  proved  fuccefs- 
ful  in  difcovering  feme  of  the  properties  of  air ; and  to 
thefe  points  our  obfervations  are  principally  confined  : but 
as  we  cannot  exhibit  air  per  fe>  pure,  and  unmixed  with 
other  matter,  fo  as  to  make  it  evident  to  the  fenfes ; how 
can  any  man  fpeak  of  the  form  of  air  ? Yet,  from  a 
knowledge  of  certain  properties  of  air  in  that  compounded 
ftate  which  does  render  it  evident  to  our  fenfes,  air  is  al- 
lowed to  be  matter.  Matter,  we  fay,  is  of  itfelf  inactive, 
but  capable  of  being  put  into  motion.  If  it  be  a Iked  how 
air  can  prove  the  firft  material  caufe  of  animal  life  ? we 
anfwer,  by  its  peculiar  property  of  rarefadlion.  We  know 
that  air  is  rarefied  by  heat,  and  that  animal  life  cannot  exift 
without  heat ; therefore,  we  prefume  to  fay  the  air  con- 
tained in  animal  bodies  mull  be  in  a rarefied  ftate.  Expe- 
riments alfo  convince  us  that  air  in  a ftate  of  rarefa&ion  be- 
comes a&ive ; and  by  way  of  emphatical  diftindlion  we 
have  ftiled  that  portion  of  air,  circulating  in  an  animal 
body,  that  .gives  motion  to  the  blood  and  juices,  Vital 
Air. 

In  the  courfe  of  our  experiments  we  fupported  by  fa<ds 
the  following  diftind  principles  : 

i . Air  is  matter. 
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II.  Matter 
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2.  Matter  is  of  itfelf  ina&ive,  but  capable  of  being  put 
into  motion. 

3.  Air,  as  matter,  is  capable  of  different  arrangements, 
modifications,  and  combinations,  in  obedience  to  the  ge- 
neral laws  of  Nature. 

On  this  principle  we  are  compelled  to  confider  all  the  fac- 
titious airs  (perhaps  improperly  fo  called)  obtained  from  dif- 
ferent bodies  to  be  the  fame  air  as  that  of  the  common  atmo - 
fphere  ; though  it  may  be  differently  arranged  and  combined 

with  other  particles  of  matter  : for  we  learn — — 

/ 

Principle  4.  Air  is  a fluid — but  has  properties  peculiar 
to  itfelf  and  different  from  other  fluids. 

5.  Air  is  an  elaflic  fluid ; and  the  force  of  its  fpring  is 
proportionable  to  its  weight  *. 

6.  Air  poiTeffes  the  property  of  rarefaction  or  expanfion. 

7.  Heat,  by  which  we  mean  a fimilar  effeCt  to  that  pro- 
duced by  fire,  will  rarefy  or  expand  air. 

Air  may  alfo  be  rendered  more  rare  by  taking  away  a part 
when  the  external  atmofphere  is  excluded',  for  that  which  remains 
will > by  its  power  of  expanfion,  fill  occupy  the  whole  fpace  ; there- 


* Viz,  Uunder  fimilar  circumflances* 


fore , 
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fore , j this  air  becomes  more  rarefied  in  an  exaEl  proportion  to  the 
quantity  exhaufied.  It  alfo  becomes  lighter  in  the  fame  pro- 
portion as  it  is  rarefied ; which  does  not  happen  when  air  is 
rarefied  by  heat.  This  is  fully  proved  by  the  Madrafs  experi- 
ment * ; and  as  the  natural  caufes  are  not  the  fame , it  fatif- 
faElorily  accounts  for  the  effeEls  being  different  This  obfer- 
vation  appears  to  be  worthy  attention , as  fotne  perfons  ima- 
gine a cold  air  is  always  heavier  than  that  which  is 
warmer. 


8.  Air  pofTeffes  the  property  of  compreflion  or  con- 
denfation. 


g.  External  prefiure  will  condenfe,  or  comprefs  air. 
to.  Cold  will  condenfe  or  comprefs  air. 


* Vide  the  Meteorological  Diary  kept  at  Fort, St.  George.  Phil.  Trans,  vol.  70* 
p.  251  and  266. 

J777  Therm.  Barom.  Wind.  Weather. 

May  29  at  6 in  the  morning  81  — 29  : 16  — S.W.  — Fair. 

The  fame  day  at  noon  100  — 29  : 16  — W.  — Fair. 
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May  18,  at  1 p.  5 in  the  morning  82  — 1 29  : 17  - — W.  — Fair. 

The  fame  day  at  noon  104  — 29  : 18  — W.  — Fair  and  exceeding  hot. 

From  the  whole  of  this  table,  as  well  as  from  the  above  obiefvations,  it  appears  that 
there  is  little  or  no  alteration  in  the  weight  of  the  atmofphere  produced  by  heat  ; or, 
what  the  atmofpheric  air  may  lofe  in  weight  by  the  influence  of  heat,  is  fully  com  pen  fated 
by  the  additional  fpring  and  power  acquired  by  its  rarefa&ion. 


11.  Air 


ii.  Air  then  is  rarefied  by 
cold. 


t3  and  comprefied  by 


12.  Air  exifh  in  all  1 


Bodies,  i 


fluid  and  folid 
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Man’s  proper  element  is  that  atcnofphere  which  every  where 
furrcunds  this  Globe,  and  the  laws  of  his  exigence  require 
him  to  breathe  that  air  ; it  is  therefore  proper  to  obferve  the 
common  air  of  the  atmofphere  on  all  occafions  is  alluded 
to,  though  it  may  be  fpoken  or,  as  under  the  particular 
influence  of  heat  or  cold.  In  all  the  operations  of  Nature 
it  is  likewife  difcoverable  that  the  atmofpheric  air  is  the 
firft  grand  agent  employed  by  the  Parent  of  Nature, 
throughout  thefe  his  lower  works.  It  not  only  furrounds 
ail  bodies,  but  we  alfo  learn  (Prin.  12.)  that  it  exifts  in  all 
bodies.  Life  cannot  be  fupported  if  air  be  excluded.  "With- 
out its  prefence  fire  would  ceafe  to  burn,  nor  could  the 
operation  of  fire  be  applied  to  other  bodies.  Neither  the 
eggs  of  animals  nor  the  feeds  of  plants  will  burft  into  life  if 
deprived  of  air.  We  may  add  too,  that  life  cannot  long 
be  fupported  in  a ftagnating  air.  And  as  air  is  rarefied  by 
heat  and  comprefied  by  cold,  we  regard  rarefaction  and 
condenfition  as  the  natural  means  of  preferving  its  perpetual 
motion  ; without  which  it  is  highly  probable  that  the  whole 
animal  and  vegetable  creation  would  perifla ; and  perhaps 
this  globe  might  undergo  fome  wonderful  change. 


* Vide  Syllabus,  p.  23,  24  and  25. 
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Let  us  now  apply  the  principles  here  laid  down,  and 
confider  firfl,  how  ventilators  adt ; with  a view  to  enlarge 
our  knowledge  of  the  effects  and  properties  of  air.  By  a 
ventilator  we  do  not  mean  fuch  a contrivance  as  is  vulgarly 
called  fo,  a whirligig  placed  in  a door  or  window  ; the  ufe 
of  this  inHrument  is  to  difperfe  the  air  admitted  into 
a room  through  the  hole  of  the  door  or  window  in 
which  it  is  placed  ; and  it  has  merit  ; for  by  its  motion 
the  air  is  prevented  from  palling  in  a right  line,  which 
might  injure  a perfon  Handing  or  fitting  in,  or  contiguous 
to  its  direction but  fuch  a contrivance,  (peaking  of  it  as  a 
ventilator,  has  no  power  ; it  is  merely  paflive  and  a died 
upon  by  a current  of  air  ; a common  hole  would  anfwer 
every  other  purpofe,  except  that  I have  mentioned,  equally 
well : for  when  the  external  atmofphere  and  the  air  within 
the  room  are  brought  to  equal  fpring  or  weight,  this  machine 
is  deprived  of  motion,  becaufe  the  current  of  air  no  longer 
continues.  It  may  indeed  be  put  into  motion  if  the  air  of 
the  room  becomes  fo  highly  rarefied  by  heat  as  to  over- 
power the  preflure  of  the  external  atmofphere  j for  this- 
current  of  rarefied  air  palling  out  through  the  hole  will 
produce  the  fame  effedt  upon  a whirligig.  Its  motion, 
then,  we  perceive  originates  from  the  power  of  air,  and  it 
will  continue  fo  long  as  the  air  of  the  atmofphere  and  that 
within  the  room  are  of  unequal  fpring  or  weight  and  no 
longer  ; for  as  foon  as  they  are  brought  to  an  equilibrium, 
as  before  obferved,  the  motion  of  the  whirligig  Hops. 
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The  following  obfervations,  however,  are  to  be  col- 
lected from  what  has  been  faid  concerning  this  curious  little 
inftrument. 

Oes.  i.  Bodies  are  aCted  upon  by  air. 

Obs.  2.  A body  aptly  dilpofed  for  motion,  and  apparently 
at  reft,  may  be  put  into  motion  by  the  power  of  the 
atmofphere.  - ' ? 

Obs.  3.  Motion  may  alfo  be  produced  in  the  fame  body, 
by  the  fpring  and  power  of  rarefied  air. 

Obs.  4.  This  motion,  which  way  foever  arifing,  ceafeth 
as  foon  as  the  air  on  both  fides  is  poflefled  of  equal  fpring 
and  force. 

Thrse  obfervations  will  be  hereafter  referred  to,  and  may 
perhaps  be  found  of  fome  confequence,  though  they  do  not 
come  up  to  my  idea  of  a ventilator ; for  it  appears  to  me 
the  a£t  of  ventilation  cannot  take  place  till  the  confined  air 
has  an  opportunity  of  efcaping,  and  that  fuch  powers  only 
are  to  be  regarded  as  ventilators  as  are  capable  of  putting 
air  into  motion  and  of  dilcharging  it; — for  then  the  at- 

mofpheric. 
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mofpheric  air  will  neceflarily  prels  in.  Heat  feems  na- 
turally to  poflefs  the  requifite  properties ; and  the  two 
grand  ventilators  we  mean  particularly  to  advert  to  are 
Solar.  Heat  and  terrestrial  Fire:  by  the  influence  of 
the  fun  exhalations  arife ; and  by  culinary  heat  noxious 
vapours  may  be  difcharged.  We  may  therefore,  I hope, 
with  fome  degree  of  propriety  add  two  more  obfervations, 
as  they  appear  to  be  laws  of  Nature. 

/ 

Obs.  5.  The  heavier  air  of  the  atmofphere  will  regularly 
prefs  into  any  given  fpace  from  whence  the  lighter  or  rare- 
fied air  is  palling  off,  unlefs  it  be  impeded  by  art. 

Obs.  6.  Speaking  philofophically,  fuch  powers  only  are  to 
be  termed  ventilators  as  are  capable  of  rarefying  and  of 
dilcharging  air. 

From  what  has  been  fa  id  it  will  appear  that  we  regard 
the  lungs  as  a ventilator,  from  their  natural  power  of  dis- 
charging the  lighter  and  highly  rarefied  air  from  the  body 
of  an  animal,  and  not  from  the  circumftance  of  the  at- 
mofpheric  air  being  firft  admitted  into  the  veficles  of  the 
bronchia  by  the  a<ff  of  infpiration ; which  takes  place  at 
the  birth  of  every  animal : for  we  confider  it  to  be  there 
depofited  as  in  a relervoir,  and  that  it  does  not  prels  into 
the  pulmonary  veins  till  expiration  commences,  and  vital 

air 
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air  is  paffing  off : and  without  this  moft  wonderful  pro- 
vifion,  we  fhalf  hereafter  endeavour  to  fhew,  the  act  of 

xefpiration  could  not  be  performed* 

, ioufioi  aril  vd  : aai”5!  jaiutmamt  brtis.  tasH  su.  r.-ti 

We  are  now  prepared  to  make  a few  curfory  remarks 
concerning  the  forms  of  bodies.  All  material  fubftances 
are  called  bodies,  that  affume  a figure  or  fhape  evident  to 
our  fenfes ; and  fuch  figures  or  fhapes  are  called  their  forms. 
We  cannot  conceive  an  idea  of  form  without  figure  or  fhape. 
All  bodies  therefore  muff  have  certain  boundaries feme 

\ s ‘ I M 

intermediate  fpace,  then,  mu  ft  exift  between  one  body  and 
another ; and  this  fpace  between  bodies,  it  is  now  univer- 
fally  acknowledged,  is  pofl'efled  by  air. 

. *;  ■ w;  ’■  i ‘ ; ' . : ' . ..  • '•  . 

As  all  bodies  may  be  refolved  into  parts,  their  figures  or 
fhapes  may  be  changed  ; and  hence  we  regard  the  forms  of 
bodies  as  natural  effects.  If  we  can  difeover  natural  caufes 
that  operate  to  produce  changes  in  the  forms  of  bodies,  the 
fame  mode  of  reafoning,  perhaps,  may  lead  us  to  a know- 
ledge of  thofe  natural  caufes  that  maintain  the  forms  them- 

O 

felves. 

Philosophers  term  that  a folid  body  whofe  minute  parts 
are  connected  together,  fo  as  not  eafily  to  give  way  or  flip 
from  each  other  ; and  that  a fluid  body  whole  particles  are 

fo 
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fo  loofely  connected  that  they  readily  move  out  of  their  places 
when  prefled  with  the  leaft  force  one  way  more  than 
another:  but  fome  farther  obfervations  altogether  necef- 
fary  to  be  noticed  concerning  folids  and  fluids  have  occurred 
to  me.  All  folid  bodies,  even  thofe  of  the  greateft  denflty, 
are  allowed  to  be  porous ; and,  by  the  help  of  glafles  of 
no  very  great  magnifying  power,  thefe  pores  are  rendered 
evident  to  our  fenfes.  From  the  pith  of  elder  to  the  moft 
denle  metal  thefe  pores  or  cells  are  fo  many  void  fpaces 
in  regard  to  tire  bodies  themfelves ; and  experiments  con- 
vince us  that  they  are  filled  with  air  ; nay,  even  the  in- 
termediate folid  little  fubftances  between  the  pores,  by  the 
afliftance  of  good  glafles,  appear  alfo  to  be  porous.  Thefe 
obfervations  may,  perhaps,  tend  to  fupport  the  truth  of 
the  principle,  that  Nature  abhors  a vacuum. 

H aving  thus  endeavoured  to  fhew  that  air  does  pervade 
the  moft:  denfe  bodies,  it  appears  highly  probable  that  the 
air  peculiarly  exifting  in  folids,  is  more  comprefled  by  the  fur- 
rounding matter,  than  the  air  contained  in  fluids,  whofe  parts 
readily  move  out  of  their  places  ; and  this  hypothefts  may  in 
fome  meafure  account  for  its  being  heavier,  though  in  my 
opinion  it  is  not  altogether  fatisfadlory.  Some  philofophers 
have  termed  the  air  thus  exifting  in  folid  bodies  fixed  air ; in 
oppofition  it  is  prefumed  to  that  in  fluids,  which  they  have, 
with  much  more  propriety,  called  elaftic  air. 
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The  air  in  folid  fubftances  we  allow  may  not  have  fo  eafy 
and  familiar  an  intercourfe  with  the  atmofpheric  air  as  that 
exifting  in  fluid  bodies ; nor  may  it  be  fo  foon  affedted  by 
the  changes  of  heat  and  cold,  fo  as  to  produce  an  alteration, 
in  the  form  of  the  body  itfelf ; neverthelefs  experiments 
prove  that  an  intercourfe  may  and  does  take  place  between 
the  air  peculiarly  exifting  in  folid  bodies  and  that  of  the 
atmofphere,  and  that  their  forms  may  alfo  be  changed  : v/e 
cannot  therefore  fubfcribe  to  the  propriety  of  this  term  fixed 
air.  But,  ir  it  be  allowed  to  fpeak  of  air  as  fixed  during 
its  exiftence  in  a folid  body,  this  air  muft  be  rendered  elaftic 
in  the  very  act  of  feparation  ; when,  therefore,  it  is  totally 
detached  from  the  body  and  becomes  elaftic,  it  appears  to 
me  to  be  a very  great  miftake  to  term  it  then  fixed  air. 
This  mifnomer  has  not  been  taken  notice  of  for  the  fake 
of  cavilling  at  words : but  becaufe  the  term  conveys  a falfe 
idea,  and  in  my  humble  opinion  ought  therefore  to  be  rejected. 

We  need  not  enter  into  the  component  parts  of  folid 
bodies,  nor  have  we  occafion  to  fpeak  of  inflammable  fub- 
ftances, as  fueh  : the  principles  laid  down,  however,  ap- 
pear to  me  to  be  applicable  to  both  ; and  may,  perhaps,  if 
health  and  leifure  permit,  be  hereafter  made  ufe  of  in  the 
courfe  of  my  inquiries.  But  to  return  to  our  fubject:  the  idea 
imprefied  on  the  mind  when  fpeaking  of  water  is  that  of 
a fluid  body ; yet,  place  water  in  a fituation  below  a cer- 
tain number  of  degrees  of  heat,  on  the  fcale  of  the  ther- 
mometer, 
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mometer,  and  this  fluid  will  be  changed  into  a folid  form ; 
and  when  the  thermometer  is  again  raifed  above  the  freezing 
point,  this  fame  folid  body  will  reaflume  a fluid  form : on 
the  contrary,  it  is  well  known  the  moft  denfe  metals  may 
be  rendered  fluid  by  fire  ; but,  by  the  return  of  cold,  or 
in  other  words  by  the  abfence  of  a certain  degree  of  heat, 
this  fluid  form  is  deftroyed,  and  the  metals  again  become 
folid. 

By  this  familiar  mode  of  reafoning  we  are  in  pofleflion  of 
another  fadt. 

• * " -1  - f *>  * s * V < 

Obs.  7.  Heat  and  cold  are  natural  caufes  capable  of  pro- 
ducing changes  in  the  forms  of  many  bodies,  both  folid  and 
fluid.  " - 

Nor  can  we  doubt  of  the  air  exifting  in  thefe  bodies 
being  expanded  by  heat  and  comprefied  by  cold ; this, 
in  the  firft  inftance,  feems  to  account  for  the  expanfion  of 
metals  by  heat.  Perhaps  it  may  lead  us  alfo  to  conjedture 
why  ice  becomes  fpecirically  lighter  than  water.  When  the 
adtion  of  the  elaftic  air  exifling  in  water  is  overcome  by 
cold;  it  will  neceflarily  be  more  comprefied ; hence  this 
aqueous  body  may  be  capable  of  receiving  an  additional  portion 
of  air  ; for  the  atmofpheric  air,  meeting  with  lefs  reflftance, 
we  know  will  prefs  in  more  abundantly  : it  appears  then  not  to 

be 
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be  highly  improbable  that  ice  is  charged  with  a larger  quan- 
tity of  air,  and  that  this  air  likewife  is  heavier  than  that 
peculiar  to  water.  We  know  the  particles  of  a fluid  body 
readily  move  out  of  their  places,  when  prefled  with  the  leaf!; 
force  one  way  more  than  another  ; and  when  we  conflder 
that  the  fpring  of  air  is  proportionable  to  its  weight,  may 
not  this  heavier  air  in  the  adt  of  freezing  force  the  aqueous 
particles  fomewhat  farther  afunder,  and  thereby  encreafe  the 
bulk  of  the  body  ? If  this  mode  of  reafoning  be  admitted, 
as  air  is  more  than  800  times  lighter  than  water,  we  cannot 
be  at  a lofs  to  account  for  ice  becoming  fpecifically  lighter 
than  water. 

It  lias  long  been,  and  with  rational  intentions,  a fubjedt 
oi  inquiry  to  learn  what  other  particles  of  matter  float  in 
air,  when  it  poflefl'es  the  property  of  converting  water 
into  ice  : at  prefent  it  does  not  concern  us  to  examine  this 
point ; for  however  it  may  be  compounded,  it  is  ftill  at- 
mofpheric  air,  and  the  natural  caufe  of  this  effedt  moll 
evident  to  our  fenfes  is  cold : from  this  phasnomenon  we  may 
fafely  draw  the  following  concluflon. 

Obs.  8.  The  cold  atmofphere  does  pofiefs  a power  fuf- 
cient  to  overcome  the  elaftic  force  of  that  air  peculiarly 

exifting  in  water. 

This  may  perhaps  be  illuflrated  by  fhewing  that  a contrary 

effect  is  produced  by  heat. 


It 
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It  appears  from  experiments,  that  on  the  application 
of  heat  to  a fluid,  the  firft  evident  fign  of  internal  motion 
is  an  air  bubble  (Prin.  14.)  and  the  tunic  or  coat  of  every 
diftinCt  bubble  is  formed  of  the  furrounding  fluid,  (Prin.  1 7.1 
alfo  that  thefe  bubbles  of  air  being  fpecifically  lighter  than 
the  furrounding  fluid  tend  to  the  furface ; and  there  foon 
burfting,  this  rarefied  air  efcapes  and  mixes  with  the  com- 
mon atmofphere,  unlefs  it  be  prevented  by  proper  recipients. 
(Prin.  21.  *)  On  thefe  principles  the  operation  of  boiling, 
which  is  no  more  than  the  evaporation  of  a fluid  body  by 
the  power  of  heat,  may  be  fatisfaCtorily  explained. 

As  the  water  grows  hotter  the  air  contained  in  it  be- 
comes more  rarefied  by  heat ; hence,  its  fpring  and  power 
encreafing,  this  highly  rarefied  air  forces  off  and  is  united 
with  a portion  of  the  water ; and  this  intimate  combination 
of  heated  air  and  water  is  called  fleam.  This  is  no  vague 
conjecture,  but  a faCt  eftablifhed  by  many  familiar  proofs ; 
and,  being  fupported  by  experiments,  we  are  authorifed  to 
fay  that  the  power  of  fleam  depends  upon  the  fpring  and 
force  of  heated  air,  which  is  one  of  its  component  parts. 

It  is  a miftake  many  ingenious  men  have  fallen  into,  in 
fuppofing  it  practicable  to  difeharge  all  air  from  a fluid  or 
any  other  body ; and  in  confequence  of  this  falfe  hypothefis 

* Vide  Syllabus,  p.  27,  28,  and  29. 
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it  is  no  wonder  they  have  been  led  into  erroneous  opinions. 
There  is  no  natural  power,  that  we  know  of,  capable  of 
producing  this  effect ; and  the  experiments,  that  feem  to 
favour  fuch  a fuppofition,  fail  in  point  of  proof.  It  is  true, 
by  hermetically  fealing  a tube,  at  the  very  inftant  the  fteam. 
is  paffing  through  it,  the  external  atmofphere  may  be  pre- 
vented prefiing  into  the  heated  fluid  ; but  a certain  portion 
of  heated  air  muft  remain  within  the  glafs  ; not  only  in  the 
fteam  but  in  the  fluid  itfelf ; and  the  fallacy  has  arifen  for 
want  of  a thorough  knowledge  of  this  faft.  When  this 
fteam  is  condenfed,  and  the  fluid  becomes  cold,  by  the 
contrivance  of  excluding  the  external  atmofphere,  the  air 
contained  in  the  fluid,  and  the  adjacent  air  within  the  glafs 
are  rendered  of  an  equal  fpring  and  weight. 

On  this  principle  * that  curious  little  inftrument  the  pulfe- 
glafs  is  conftructed ; and  upon  the  application  of  a fmall 
degree  of  heat  or  cold  many  pleafing  phenomena  are  ex- 
hibited : thefe  effects  are  readily  produced  by  means  of  the 
highly  rarefied  and  confined  air  ; and  for  this  plain  reafon, 
becaufe  there  is  little  refiftance  to  overcome.  If  any 
gentleman  yet  doubts  the  truth  of  this  conclufion,  founded 
on  the  laws  of  pneumatics,  as  applied  to  fluids,  all  I afk  of 
him  is,  to  employ  only  a fmall  portion  of  his  time  in 
making  experiments  to  fhew  the  contrary ; and  then  per- 
haps we  (hall  think  nearly  alike. 

* Thermometers  appear  to  be  conflru&ed  on  the  fame  principle. 
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But  as  air  has  been  proved  to  be  850  times  lighter  than 
water,  if  it  be  a iked  how  it  happens  that  air  fhould  be 
found  in  boiling  water  till  the  laft  drop  be  evaporated  ? 
We  anfwer,  for  the  prefent%  it  is  one  of  the  laws  of  Nature. 
Experience  fhews  if  1000  gallons  of  water  be  evaporated  to 
one,  the  laft  gallon  will  contain  its  proper  portion  of  air. 
It  would  be  wandering  from  our  purpofe  to  enter  into  the 
theory  of  heat,  and  without  doing  fo,  we  cannot  attempt 
to  explain  this  curious  phenomenon : perhaps,  hereafter, 
it  may  be  attempted  • but  it  would  involve  the  prefent 
fubjedt  with  unneceflary  difficulties  ; befides,  we  are 
fpeaking  of  immediate  caufes  and  their  fenfible  effedts.  In 
the  operation  of  boiling  we  perceive  the  form  of  water  is 
changed  by  heat ; yet,  the  effedt  produced  is  totally  oppofite 
to  that  arifing  from  cold : for,  inftead  of  the  fluid  becoming 
a folid  body,  its  component  parts  pafs  off  in  vapour.  By 
this  procefs  we  alfo  learn, 

Obs.  9.  The  air  peculiarly  exifting  in  water,  by  the  ap- 
plication of  heat,  may  acquire  fpring  and  force  fufficient  to 
overcome  the  adtion  of  the  atmofphere  prefling  on  its 
furface. 

The  weight  of  the  atmofphere  prefling  on  the  furface 
of  the  water  is  confiderable  ; the  ingenious  Fahrenheit  has 
fhewn  that  under  different  circumftances  of  the  weight  of 
the  atmofphere  from  28  to  3-t  inches,  the  heat  of  boiling 

water 
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water  increases,  fo  as  to  rife  8 or  9 degrees,  when  the  at- 
mofphere  is  heavieft ; and  fo  long  as  the  weight  of  the 
atmofphere  continues  the  fame  the  obfervation  of  M.  des 
Amontons  holds  good,  that  boiling  water  will  not  grow 
hotter  by  any  increafe  of  fire.  This  regularly  leads  us  to 
the  procefs  of  diftillation,  in  which,  the  preflure  of  the 
external  atmofphere  is  as  much  as  poflible  excluded ; and 
for  that  reafon,  the  fleam  may  be  thrown  off"  in  this  operation 
with  a lefter  degree  of  heat  than  in  an  open  cauldron.  The 
rarefied  air  palling  off  from  the  fluid  contained  in  an 
alembic  * is  alfo  prevented  from  mixing  with  the  atmo- 
fphere, by  a proper  recipient. 

The  procefs  of  diftillation,  though  very  common,  per- 
haps few  operators  have  attended  to  it,  to  make  philofo- 
phical  obfervations.  When  the  head  of  the  ftill  is  luted, 
and  the  external  atmofphere  in  a great  meafure  prevented 
preffing  on  the  water,  by  the  application  of  heat  to  the 
fluid  the  fleam  readily  afcends  to  the  head  of  the  ftill, 
and  pafles  on  from  thence  to  the  worm,  placed  in  a tub 
of  cold  water : by  which  means  the  fleam  is  condenfed ; 
not  by  coming  into  contact  with  the  cold  water,  for  that 
only  furrounds  the  worm ; but  by  the  degree  of  cold 
proper  to  water  ; that  is  to  fay , by  a degree  of  cold  equal 
to  the  temperature  of  the  atmofphere : the  ftearn  being 

* The  alembic  here  alluded  to  is  the  worm  ftill. 
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condenfed,  reaffumes  its  original  form,  and  runs  out  of  the 
lower  end  of  the  worm  as  a common  cold  fluid. 

The  generation  of  fleam  has  been  already  explained,  in 
ipeaking  of  evaporation  and  boiling ; but  the  latter  part  of 
this  procefs  remains  to  be  fpoken  to.  Water,  we  know, 
preferves  its  form  through  many  degrees  of  heat ; and  a 
degree  far  above  that  of  the  atmofphere  is  here  required  to 
produce  fleam  : yet,  this  fleam  is  immediately  condenfed, 
and  the  reftored  fluid  lofes  its  heat,  by  a momentary  ap- 
plication of  a degree  of  cold  not  below  that  of  the  atmo- 
fphere. We  may  venture  to  fay  this  effed  could  not  be 
produced,  if  heated  air  was  not  the  immediate  caufe  of 
fleam.  For,  if  fleam  could  be  fuppofed  to  be  nothing  elfe 
but  heated  water,  by  the  application  of  fo  fmall  a degree 
of  cold,  this  water  tranfmuted  into-  fleam  could  not  fo  fud- 
denly,  not  only  be  brought  back  to  its  original  form,  but  re- 
appear diverted  of  all  fenflble  heat.  We  know  that  heated 
water  mixed  with  as  much  cold,  will  lofe  its  heat  only  in 
proportion  to  the  mean  of  the  quantities  of  heat;  for  in- 
ftance,  if  the  thermometer  ftands  at  212  in  boiling  water, 
and  at  56  in  the  cold  water  added,  the  fum  of  the  extremes 
being  268,  the  quickfilver  will  fall  to  a little  below  134  ; 
and  that  it  does  fall  below  that  degree  is  owing  to  the 
cold  communicated  by  immerging  the  inftrument. 


But 


Bur  in  the  procefs  of  diftillation,  as  the  fleam  does  not 
come  into  contact  with  the  cold  water  ; and  as  we  find  the 
effect  produced  by  2 1 2 degrees  of  heat  is  inftantly  overcome 
by  a degree  of  cold  only  equal  to  that  of  the  atmofphere  ; 
we  muff  have  recourfe  to  fome  other  caufe  that  being  thus 
a<fted  upon  is  capable  of  producing  thefe  effects.  Call  that 
agent  Elaftic  Vapour,  or  by  any  other  name,  we  know  of 
nothing  but  air  that  is  thus  rarefied  by  heat,  and  com- 
preffed  by  cold ; and  all  vapours,  however  generated  or 
compounded,  appear  to  derive  their  elaflicity  and  force  from 
heated  air.  From  what  has  been  advanced  we  may,  I 
think,  be  allowed  to  deduce  the  following  obfervations ; 
and,  by  fo  doing,  we  fhall  farther  apply  the  laws  of  Pneu- 
matics to  fluid  bodies. 

Obs-  io.  The  air  exifling  in  fluids  is  in  an  elaflic  flate. 

Obs.  ii.  There  is  an  eafy  and  familiar  intercourfe  between 
the  air  in  fluid  bodies,  and  the  circumjacent  air. 

Obs.  12.  So  long  as  this  elaftic  air  is  capable  of  refilling 
the  compreffion  of  the  fluid  body,  and  the  power  of  the 
atmofphere  a&ing  upon  it,  the  form  of  the  body  will  not 
be  changed  by  Cold,  j 

Obs.  13.  So  long  as  the  power  of  the  atmolphereis  capable 
of  refilling  the  fpring  and  force  of  the  air  exifling  in  fluids, 

evaporation 


evaporation  cannot  take  place  j nor  will  the  form  of  the 
body  be  changed  by  heat, 

Obs.  14.  It  is  therefore  neceflary  for  the  adtion  of  the 
elaftic  air  contained  in  fluids,  and  the  reaction  of  the  at- 
mofphere  to  be  equal,  or  nearly  equal,  in  order  to  preferve 
the  form  of  a fluid  body. 

Obs.  15.  Heated  air  pafiing  off  from  a fluid  body  is  the 
immediate  operative  caufe  ©f  fleam. 

Obs.  16.  The  force  of  fleam  depends  upon  the  ipring 
and  power  of  highly  rarefied  and  heated  air,  which  is  one 
of  its  component  parts. 

By  endeavouring  to  fhew  that  heat  and  cold  in  an  ex- 
treme degree,  are  natural  caufes  capable  of  rarefying  and 
condenfing  the  air  in  fluids,  fo  as  to  produce  changes  in  the 
forms  of  fuch  bodies ; we  are  led  to  conclude  that  the 
prefence  of  a certain  moderate  degree  of  heat  is  the  natural 
caufe  of  fupporting  the  elafticity  of  air  peculiarly  exifting 
in  and  eflential  to  the  form  of  fluid  bodies  : tho’  fome 
fluids,  gelatinous  for  inftance,  may  require  a larger  portion 
of  heat  than  others ; yet,  in  all,  the  power  of  heat  muft 
ever  be  equal  to  the  effect  contended  for ; namely,  fo  far 
to  rarefy  the  air  contained  in  each,  as  to  render  it  fufli- 

ciently 
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ciently  elaflic  to  refill  the  compreffion  of  the  fluid  itfelf  j 
and  the  weight  of  the  atmofphere  adting  upon  it. 

Let  us  not  puzzle  ourfelves  at  this  time  to  hunt  after 
more  remote  caufes,  which  probably  might  lead  to  fruitlefs 
controverfy ; and,  by  refting  contented  with  a knowledge 
of  thefe  immediate  caufes  of  natural  effedfs,  familiar  and 
evident  to  the  fenfes,  we  fhall  fubferibe  to  another  rule  laid 
down  by  Sir  Ifaac  Newton,  “ that  we  are  not  to  admit  more 
“ caufes  of  natural  things  than  fuch  as  are  true , and  fufficient 
u to  exp  lam  their  phenomena." 

In  the  next  chapter,  fome  of  the  preceding  obfervations 
will  be  applied  to  certain  phenomena,  attending  experiments 
made  on  animal  bodies  with  heated  air ; and  the  power  ex- 
ifling  in  them  of  generating  cold,  under  fuch  particular  cir- 
cumflances,  is  meant  to  be  explained.  Should  my  remarks 
prove  fatisfadtory,  fome  of  the  gentlemen  engaged  in  thofe 
curious  purfuits  may,  perhaps,  re-confider  the  fubjedt  of  ani- 
mal heat ; and  they  may  poflibly  anticipate  me  in  applying 
thofe  very  experiments,  to  fupport  the  truth  of  my  theory 
of  the  circulation  of  the  blood.  It  is  farther  intended  to 
mention  fome  caufes  of  difficult  refpiration ; and  to  fpeak  of 
the  non-refpiration  of  a Foetus,  before  we  enter  upon  the 
Laws  of  Respiration. 

End  of  the  Third  Chapter. 


